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Application for Class III Underground Injection Control Permit  
Florence Copper Project 
 
Attachment A:  Map(s) and Area of Review
 
 
A.1 INTRODUCTION 
 
This Attachment describes the planned injection well locations, the proposed Area of Review (AOR) and 
related features, and the means for determining the AOR. 
 
This Attachment has been prepared in support of an application (Application) by Florence Copper Inc. 
(Florence Copper) to the U.S. Environmental Protection Agency (USEPA) for an Underground Injection 
Control (UIC) Class III Area Permit for the planned In-Situ Copper Recovery (ISCR) facility at the Florence 
Copper Project (FCP) in Pinal County, Arizona.  With this Application, Florence Copper seeks 
authorization to construct and operate a commercial-scale ISCR facility at the FCP site.  Florence Copper 
proposes to incorporate the currently operating, 2-acre, Production Test Facility (PTF) into the proposed 
broader full-scale ISCR facility at the FCP site.  The proposed full-scale ISCR facility is approximately 
212 acres in size and corresponds to the size and location of the ISCR facility proposed when UIC Permit 
AZ39600001 was issued in 1997.  With this Application, Florence Copper seeks authorization to 
construct and operate a commercial-scale ISCR facility at the FCP site.   
 
 
Part I. Well Location(s) 
 
Florence Copper proposes to recover copper from copper oxide mineralization of the Poston Butte ore 
body by development and operation of a commercial-scale ISCR well field at the FCP site.  The planned 
ISCR well field will be developed within the 212-acre mineral resource area (ISCR area) identified as the 
“mine zone” in the aquifer exemption that the USEPA granted on 1 May 1997 in conjunction with UIC 
Permit AZ39600001 which was issued to BHP Copper, Inc. (BHP).  The BHP mineral resource area and 
previously authorized AOR are described further below.  The aquifer exemption is described in 
Attachment H of this Application and is shown with the ISCR area on Figure A-1.  The proposed ISCR well 
locations are described below. 
 
A.2 AREA PERMIT WELL LOCATIONS (40 CFR § 144.33) 
 
This application is for an area UIC Permit; consequently, the well locations described herein are 
described on an area basis.  The 212-acre ISCR area has been divided into resource blocks for planning 
purposes; however, it should be noted the size and orientation of the resource blocks may be altered in 
the future as necessary to accommodate planning changes and operational conditions.  Each resource 
block measures approximately 500 feet by 500 feet and has an area of 5.7 acres.  The estimated 
injection zone is between approximately 450 feet below ground surface (bgs) to 1,400 feet bgs.  The size 
of the resource blocks will also be varied to accommodate site features and resource boundaries.  
Approximately 60 injection and recovery wells will be installed in each full resource block.  Each well 
installed in the ISCR area will be constructed using a standard design because each well will serve 
multiple purposes during the life of the facility.  ISCR wells will be used for injection, recovery, 
observation, or perimeter hydraulic control.  The injection and recovery wells will be arranged in a 
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five-spot pattern that effectively surrounds each injection well with four recovery wells.  The pattern will 
be repeated throughout the resource block areas and the ISCR area.  Well construction procedures and 
design details are described in Attachment C of this Application. 
 
Approximately 1,765 Class III injection and recovery, 90 perimeter, and 45 observation wells will be 
installed and closed at the FCP site over the course of the planned 22-year project life.  Resource blocks 
and operational units will be developed, operated, and closed as per the operating plan. 
 
The planned resource blocks are numbered based on the site-wide resource model developed to 
evaluate mineralization and plan ISCR well field development.  The resource blocks, block numbers, ISCR 
area, proposed AOR, and Aquifer Exemption Boundary are shown on Figure A-1.  The planned sequence 
of well field development by year is shown on Figure A-2.  Planned ISCR well locations are shown on 
Figure A-3.  Coordinates and injection zone depth information for each of the proposed new ISCR wells 
is provided in Tables E-1 through E-50. 
 
The existing PTF ISCR wells authorized by UIC R9UIC-AZ3-FY11-1 are currently in operation and are 
directly incorporated into the well field configuration shown on Figure A-3.  The well spacing and 
pattern shown on Figure A-3 reflects continuation of the well spacing and pattern applied at the PTF 
well field as an example.  The exact spacing and configuration of the well field may evolve over time to 
optimize performance, but hydraulic control will be maintained in all circumstances.  The PTF ISCR wells 
are listed in Table A-1. 
 
Geographic Information System files with the proposed ISCR wells, existing PTF ISCR wells, ISCR area, 
and AOR are provided in electronic format as Exhibit A-1. 
 
A.2.1 AOR Background 
 
The FCP site currently has one active AOR authorized under UIC R9UIC-AZ3-FY11-1, which is held by 
Florence Copper, and formerly had an AOR authorized under UIC AZ396000001 when that permit was 
held by BHP.  Florence Copper has constructed a pilot-scale ISCR facility at the FCP Site referred to as the 
PTF and is operating it within an AOR authorized by UIC R9UIC-AZ3-FY11-1.  BHP, a previous owner of 
the FCP site, also historically operated a pilot-scale ISCR facility within a commercial-scale AOR 
authorized by UIC AZ396000001.  UIC AZ396000001 was superseded in 2016 with the issuance of UIC 
R9UIC-AZ3-FY11-1, and the commercial-scale AOR was replaced by the currently authorized PTF AOR.  
The currently authorized PTF AOR lies within the area of the formerly authorized commercial-scale AOR. 
 
With this application, Florence Copper seeks authorization to conduct commercial-scale ISCR operations 
within an AOR that is identical to the one previously authorized under UIC AZ396000001.  The existing, 
historical, and proposed AORs are described in detail below. 
 
A.2.2 Currently Authorized AOR (UIC R9UIC-AZ3-FY11-1) 
 
The PTF ISCR well field is approximately 2 acres in size and features four injection wells, nine recovery 
wells, and seven observation wells in the active well field area.  Each of these wells are constructed to 
Class III injection well standards.  Additional operational monitoring, supplemental monitoring, and 
point-of-compliance (POC) wells are located beyond the active ISCR well field area.  The PTF well field is 
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limited to a maximum injection rate of 240 gallons per minute (gpm) distributed across the four 
injection wells, resulting in a typical injection rate of approximately 60 gpm per well.  The actual 
injection rate varies from well to well based on operational conditions but does not exceed 240 gpm. 
 
The PTF AOR extends a horizontal distance of 500 feet from the outermost ISCR wells of the PTF well 
field.  The AOR was established based on evaluation of site-specific geologic and hydrologic data, 
groundwater model simulations, and evaluation of testing and analyses conducted within the ISCR area 
by BHP.  Florence Copper used the groundwater model to validate the earlier analyses conducted by 
BHP when they established the AOR for their planned commercial-scale ISCR operations.   
 
During the UIC permit application process for the PTF, Brown and Caldwell (2012) used a groundwater 
flow model to evaluate the earlier 500-foot AOR selected by BHP.  The groundwater model simulations 
showed that the circumscribing 500-foot AOR, combined with site geologic characteristics, provided 
protection against migration of formation fluids or injected fluids into Underground Sources of Drinking 
Water (USDW) during ISCR operations.  This AOR was considered conservative with respect to 
protection of USDWs because it provided a factor of safety of between 3.5 and 5 times the actual 
distance that injectate might migrate under worst-case conditions at the average planned injection rate 
of 60 gpm per well.   
 
The 500-foot circumscribing AOR was subsequently authorized at the PTF ISCR well field with the 
issuance of UIC R9UIC-AZ3-FY11-1.  Florence Copper is currently conducting ISCR operations at the PTF 
well field and monitoring groundwater quality both within the AOR and at the down-gradient edge of 
the AOR.  The PTF AOR is shown on Figure A-1. 
 
A.2.3 Previously Authorized AOR (UIC AZ396000001) 
 
BHP planned to recover copper from the Poston Butte ore body by conducting commercial-scale ISCR 
operations at the FCP site and establishing the mineral resource area based on mineralogical 
characterization data.  The mineralogical data relied on by BHP included data developed by each of the 
previous site owners and additional analyses conducted by the BHP team.  The mineral resource area 
was defined as the 212-acre area containing soluble copper oxide mineral resources of an appropriate 
grade to support ISCR operations.  In preparation for commercial ISCR operations, BHP applied for a UIC 
permit covering the proposed mineral resource and proposed an AOR that included the mineral 
resource and a circumscribing horizontal area extending 500 feet beyond the ISCR area.   
 
BHP established an AOR that extended horizontally 500 feet from the mineral resource area, based on 
formation characteristics defined by extensive aquifer testing and groundwater model simulations.  The 
BHP AOR is shown on Figures A-1, A-2, and A-3.  The 500-foot circumscribing AOR was authorized when 
UIC AZ396000001 was issued in 1997 and BHP subsequently initiated a hydraulic control test.  The 
purpose of the hydraulic control test was to demonstrate that hydraulic control could be maintained 
during ISCR operations within the Poston Butte ore body.  The test commenced in the fall of 1997 and 
extended into 1998.  The test was conducted at a pilot-scale well field located within the planned 
commercial-scale ISCR area, and within the commercial-scale AOR.   
 
The hydraulic control test was successful; however, BHP did not proceed with commercial ISCR 
operations.  Documentation detailing successful hydraulic control and USEPA approval of cessation of 
hydraulic control after formation rinsing is included in Exhibit B-3. 
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The BHP AOR was also coterminous with the Aquifer Exemption granted with the issuance of 
UIC AZ396000001, and which remains authorized in conjunction with UIC R9UIC-AZ3-FY11-1.  The 
Aquifer Exemption is described in Attachment H of this Application. 
 
A.2.4 Proposed AOR  
 
Florence Copper proposes an AOR that is the same size, dimension, and location as the AOR formerly 
authorized by UIC AZ396000001.  The planned ISCR area and well field proposed by Florence Copper is 
designed to develop the same 212-acre coper oxide mineral resource area for which the USEPA issued 
UIC AZ396000001 to BHP in 1997.  The proposed AOR would extend 500 feet beyond the planned ISCR 
well field area and coincides with the boundary of the aquifer exemption granted by the USEPA in 1997 
in conjunction with UIC AZ396000001.  The proposed AOR is shown on Figures A-1 and A-2.  The method 
for determination of the size of the AOR is described below.   
 
The proposed Class III wells to be constructed within the AOR are listed in Attachment E, Tables E-1 
through E-50 of this Application.  The Class III wells currently existing within the AOR and proposed for 
continued use (PTF ISCR wells) are listed in Table A-1.   
 
A.2.4.1 PTF AOR as an Analog 
 
The PTF ISCR well field was constructed and operated to demonstrate the feasibility of recovery of 
soluble copper from the Poston Butte ore body using the ISCR method, and to validate the method of 
hydraulic control and protection of USDWs.  Consequently, the PTF ISCR well field was designed as direct 
analog reflecting the planned commercial-scale ISCR facility.   
 
The PTF well depths, well spacing, injection zone length, and per-well flow rates are the same as those 
planned for commercial ISCR operations.  Similar to planned commercial-scale ISCR wells, the PTF wells 
fully penetrate the Bedrock Oxide Unit and are screened no higher than 40 feet below the top of the 
Bedrock Oxide Unit.  The only difference between the PTF well field and the planned commercial-scale 
ISCR well field is that well lengths will vary based on the thickness of the Bedrock Oxide Unit at each well 
location.  Where the Bedrock Oxide Unit thins, the ISCR well injection intervals will be shorter, and 
where the unit is thicker, the injection intervals will be longer.  In all cases, the commercial-scale ISCR 
wells will not be screened higher than 40 feet below the top of the Bedrock Oxide Unit.  Hydraulic 
control will be maintained at the ISCR well field from the time that injection begins until the time that 
groundwater quality is restored to levels that meet closure criteria specified in Aquifer Protection Permit 
(APP) No. P-101704 and the UIC Permit. 
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Hydraulic control consists of a pumping program that withdraws more fluid than is injected, thereby 
creating a cone of depression which induces flow of groundwater into the well field from all sides.  This 
is achieved by pumping recovery wells at an aggregate rate greater than the aggregate rate of injection 
on a daily basis.  Section 3.4.2.3 of the Arizona Best Available Demonstrated Control Technology 
(BADCT) Manual identifies a cone of depression as appropriate BADCT design element for in-situ 
leaching operations.  Section 3.5.3.1 of the BADCT manual further identifies the method to create the 
cone of depression as a discharge control as follows: 
 

“Pumping to create a cone of depression to contain, capture and recycle solutions.  
Recovery wells should be pumped at a rate greater than the injection rate in order to 
maintain a cone of depression;” 

 
Aquifer testing conducted at the PTF well field prior to the commencement of injection demonstrated 
that the cone of depression generated by net-groundwater extraction within the ISCR area can reliably 
and measurably induce a cone of depression that extends out to a distance of at least 500 feet beyond 
the edge of the well field.  Monitoring conducted since PTF operations began has demonstrated that the 
operational cone of depression extends at least 500 feet beyond the edge of the PTF well field.  These 
facts are significant because they indicate that the design feature intended to “contain, capture and 
recycle” ISCR solutions as contemplated by BADCT extends as far as 500 feet from the active ISCR well 
field.  Consequently, this is the area beyond the edge of the ISCR well field from which extraction from 
the ISCR well field will draw fluid toward the ISCR well field.  In conceptual terms, this is also the area 
where an excursion of injected fluid would travel, if hydraulic were disrupted, and hydraulic influence 
from the ISCR well field would draw the excursion back toward the well field once hydraulic control was 
re-established.  
 
 
Part II. Area of Review Size Determination (40 CFR § 146.6) 
 
The size of the AOR is established by the distance between the point of injection and the outer boundary 
of the AOR.  The AOR distance is defined in 40 CFR § 146.6 as either a fixed radius of ¼ mile or a linear 
distance described as the “zone of endangering influence” (ZEI).  The ZEI is the lateral distance from the 
point of injection in which the pressures in the injection zone may cause the migration of injected 
solutions or formation fluid into a USDW.  The distance of the ZEI is a calculated value.  Consistent with 
the previously established AORs at FCP’s site, described above, Florence Copper has elected to use a 
calculation method to establish the ZEI and corresponding AOR.  The method of calculation is described 
below. 
 
A.3 METHOD OF CALCULATION 
 
As defined in 40 CFR § 146.6, the AOR may be calculated using the Theis (1935) equation or other 
mathematical model that calculates the radial distance of injection impacts emanating from a single 
injection well.  The Theis equation is a mathematical function designed to represent transient well 
impacts in a confined aquifer system, and is limited to a radial, or two-dimensional, representation of 
groundwater conditions.  The Theis method has limited application when considering the impact of 
injection within a multi-layer, confined to semi-confined aquifer system such as occurs at the FCP 
property.   
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For these reasons, Florence Copper has chosen a different mathematical model that is more appropriate 
for site conditions and which represents industry standard methods for the calculation of groundwater 
flow.  The selected method consists of a combination of MODFLOW (Harbaugh, et. al., 2000), a three-
dimensional groundwater flow model, and MT3D (Zheng, 1990), a 3-D solute transport model.  
Combined, these two modeling tools can be used to predict how far injected solutions may travel during 
a hypothetical excursion. 
 
Although MODFLOW and the Theis equation employ different mathematical methodologies to estimate 
the flow of groundwater, they are both based upon the same fundamental flow equation describing 
hydraulic head in a confined aquifer system.  Due to the common basis for both MODFLOW and the 
Theis equation, the methods will produce similar results provided that the assumptions applied to each 
calculation are consistent.  Given the relatively complex hydrogeologic setting at the FCP property, the 
MODFLOW code coupled with the MT3D solute fate and transport code were selected to estimate the 
linear extent of migration of injected fluids during a hypothetical excursion from the ISCR well field.   
 
A.3.1 MODFLOW Groundwater Flow Equation 
 
The MODFLOW code is a computer based, finite-difference mathematical model designed for the 
purpose of calculating three-dimensional groundwater pumping and injection impacts in various types 
of aquifers.  The finite-difference approximation assumes that all hydraulic parameters, stresses, and 
inputs are constant over the area of a single cell and over the time elapsed during a stress period.  
Likewise, calculated hydraulic head and groundwater fluxes are also averaged over the areal extent of a 
single cell.  Application of the model requires the definition of boundary and initial conditions, estimates 
of key hydraulic parameters, and definitions of groundwater inflows and outflows as a function of time.   
 
The governing equation for MODFLOW is presented below.  It is the partial-differential equation of 
groundwater flow as given in McDonald and Harbaugh (1988):  
 

𝜕𝜕
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Where, 

 Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate axes, 
respectively, which are assumed to be parallel to the major axes of hydraulic conductivity 
(Length/Time); 

 h is the potentiometric head (Length); 

 W is a volumetric flux per unit volume representing sources and/or sinks of water, with W<0.0 
for flow out of the ground-water system, and W>0.0 for flow in (Time -1); 

 SS is the specific storage of the porous material (Length-1); and 

 t is Time. 
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The hydraulic conductivity values represented in the equation reflect the primary, three-dimensional 
flow directions for a finite difference model.  The “x” and “y” dimensions effectively represent flow in 
the plan view and are analogous to the dimensions of results from the Theis equation.  The “z” 
dimension represents vertical groundwater flow and potential hydraulic impacts. 
 
A.3.1.1 Groundwater Flow Model 
 
Florence Copper prepared a MODFLOW based groundwater flow model representing geologic 
conditions and hydraulic characteristics at the FCP site.  The groundwater model was originally created 
by Brown and Caldwell (2012) and was used to simulate fluid migration under a range of simulated 
conditions.  The model was updated in 2019 to incorporate pumping and water level data from 2010 
through 2017, and to incorporate hydraulic parameters for the Bedrock Oxide Unit developed from 
pump tests and geophysical logging conducted at the PTF well field.   
 
The MODFLOW model was constructed using hydrostratigraphic unit thicknesses and hydraulic 
parameters measured during studies conducted at the FCP site, which are described in Attachment B of 
this Application.  The model construction included ten layers representing the Upper Basin Fill Unit, 
Middle Fine-Grained Unit, Lower Basin Fill Unit (LBFU), the exclusion zone (uppermost 40 feet of the 
Bedrock Oxide Unit), and the Bedrock Oxide Unit.  In the model, the LBFU was allowed to be in hydraulic 
communication with the Bedrock Oxide Unit.  In accordance with permit requirements, the model 
excludes the uppermost 40 feet of the Bedrock Oxide Unit from injection. 
 
Specifically, the original model used a range of porosity and hydraulic conductivity values developed 
from more broadly distributed testing to determine approximate distances of injected fluids if injection 
were to continue following loss of hydraulic control.  Porosity values ranged between 5 and 20 percent, 
and hydraulic conductivity values ranged between 0.1 and 130 feet per day for each of the model layers, 
and up to 40 feet per day in the primary fault zones.  At the request of the USEPA, model scenarios were 
run to determine the extent of fluid migration during a worst-case scenario where a single well injected 
for 30 days with no hydraulic control.  The horizontal extent of migration results was used to evaluate 
the proposed AOR.  The results of the model simulations remain directly applicable to the proposed 
commercial-scale ISCR facility.  Results of those model simulations are listed in Table A-2.   
 
A.3.1.2 Updated Model Simulations (2019) 
 
The Brown and Caldwell (2012) groundwater model incorporated hydraulic properties for each of the 
hydrostratigraphic units and the Bedrock Oxide Unit that were derived from aquifer tests conducted 
prior to the construction of any ISCR wells at the FCP site.  The aquifer tests conducted by Brown and 
Caldwell and analyzed by Golder (1995) included representative tests conducted across the FCP site 
(Attachment B, Exhibit B-2 of this Application).  However, none of the tests were conducted at ISCR wells 
(either pumping or observation) that fully penetrated the planned injection zone.  The aquifer tests 
included a broad range of locations and depths and represented the full range of potential aquifer 
properties at the FCP site, and thus were a suitable starting point for the Brown and Caldwell (2012) 
groundwater model. 
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In order to develop additional hydraulic data representative of the injection zone, UIC R9UIC-AZ3-FY11-1 
required that Florence Copper run neutron logs at selected PTF wells to measure porosity within the 
planned injection zone and update the groundwater model to reflect the measured values.  The porosity 
values previously applied in the groundwater flow model are comparable to the average of the 
measured porosity values using neutron logging.  The porosity values applied in the model for the 
Bedrock Oxide Unit layers range from 5 to 8 percent and are representative of the oxide unit porosity 
values calculated from neutron data.  However, the porosity values calculated for the alluvial units were 
slightly lower but still representative of values determined by previous site-wide testing.  The resulting 
calculated porosity values align very closely with those previously used in the model.  A summary of the 
neutron logging results is included in Table B-4 of Attachment B of this Application.  The neutron logging 
results are also summarized in the pre-operational report included as Attachment B, Exhibit B-6 of this 
Application.  
 
Florence Copper also conducted aquifer tests at the PTF prior to commencement of injection to develop 
hydraulic conductivity values representative of the planned injection interval.  The aquifer test results 
generated from PTF wells are described in the aquifer testing report included in Attachment B, 
Exhibit B-5 of this Application.  The hydraulic conductivity values derived from aquifer tests conducted at 
the PTF well field are summarized in Attachment B, Table B-3 of this Application.  The mean hydraulic 
conductivity value used for the Bedrock Oxide Unit in the original groundwater model was 0.57 feet per 
day, and the mean hydraulic conductivity value derived from the PTF aquifer tests was 0.54 feet per day.  
This means that original average hydraulic conductivity derived from the Golder (1995) aquifer test 
analyses were representative of conditions in the planned injection zone. 
 
Haley & Aldrich, Inc. (Haley & Aldrich) incorporated the hydraulic properties derived from pre-
operational testing of the PTF wells into a revised version of the Brown and Caldwell (2012) 
groundwater flow model.  The model update is described in a Technical Memorandum included in 
Attachment B, Exhibit B-6 of this Application.  Aquifer tests conducted at the PTF well field prior to 
commencement of ISCR operations included at least one test conducted at a well (R-03) that is 
projected to intersect the Sidewinder fault.  Two additional wells are projected to possibly intersect the 
Sidewinder fault at greater depth and for a shorter portion of the well bore.  No corresponding 
difference in hydraulic conductivity was observed at the wells which intersected the Sidewinder fault 
zone due to the extent of formation fracturing.  Consequently, at the scale of the planned ISCR well 
spacing, the observed faults do not represent either flow barriers or conduits.  The results of the PTF 
pre-operational testing are included in Attachment D, Exhibit D-4, of this Application. 
 
The Sidewinder and Party Line faults have been rendered in the groundwater flow model used to 
evaluate the AOR and were derived based on core log information.  The Sidewinder and Party Line faults 
rendered in the updated groundwater model were conservatively assigned a hydraulic conductivity ten 
times that of the surrounding oxide zone to simulate the potential for them to act as conduits even 
though there is no evidence of such characteristics based on actual available data.   
 
After updating the model, Haley & Aldrich performed three model runs to assess the sensitivity to 
potential variability of key hydraulic properties that may affect the transport extent of residual sulfate in 
the ISCR area after the mining operations. The analyses were performed using particle tracking to 
evaluate the relative transport distances during the simulation period.  The particles were initially placed 
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in model layer 7 (the layer right below the exclusion zone) near the western and northern boundary of 
the ISCR area.  The hydraulic and transport parameters used for this sensitivity assessment are based on 
the parameters documented in the updated modeling report.  The main assumption tested by this 
analysis is the degree to which the fault zone which transects the PTF wellfield constitutes a preferential 
pathway at different hydraulic conductivity and porosity values.  
 
The results of the sensitivity evaluation are provided in Exhibit A-1a.  Panel (a) of Exhibit A-1a shows the 
migration extent to be slightly more limited in comparison to the migration extent shown in Figure 3 of 
the model update report (Exhibit A-1) because the extent in Figure 3 was simulated using MT3D, which 
includes the solute dispersion effects.  
 
Panel (b) of Exhibit A-1a shows the migration extent when the hydraulic conductivity value for the fault 
zone is decreased to 0.57 feet per day, which is the same as the value used for the upper oxide layers 
(model layers 7 and 8).  This assessment is important because the extensive aquifer testing program 
conducted in the PTF area in 2018 resulted in a set of very consistent hydraulic conductivity values for 
well pairs separated by various distance, aligned in various orientations, and transecting the fault.  
Analysis of the aquifer testing data did not indicate a higher permeability feature in the oxide zone 
(Appendix A of the pre-operational report is included in Exhibit B-6 of the Application).  Without a 
continuous permeable fault zone as assumed in Panel (a), the migration extent is very limited.  The 
comparison between Panels (a) and (b) shows the contribution of assumed fault zones on solute 
migration for 30 years.  
 
Panel (c) of Exhibit A-1a shows the sensitivity of the transport porosity values on the migration extent.  
The transport porosity was reduced by 20 percent for all zones in model layers 5, 6, and 7.  A 20 percent 
decrease in transport porosity increases the solute migration extent because the migration extent is 
inversely proportional to transport porosity.  Otherwise, the overall migration trend remains the same.  
The farthest particle migration is shown in Panel (c) and is approximately 600 feet further away in 
comparison to the furthest particle migration shown in Panel (a) of Exhibit A-1a.  
 
A decrease in porosity was used for sensitivity analysis because it is an adjustment that will cause fluid 
to migrate further in a given period of time, thus conservatively depicting the effects of porosity on fluid 
migration.  A decrease in the porosity value has the effect of forcing a fixed quantity of water through 
smaller openings in the formation, thereby increasing groundwater flow velocity and increasing the 
distance that fluid may migrate in a given period of time.  By contrast, increasing the porosity slows 
groundwater flow velocity and reduces the distance of fluid migration.  Adjusting the porosity 
downward provides a conservative representation of conditions that may cause fluid to migrate further 
than expected.  
 
A 20 percent porosity reduction was selected for the sensitivity analysis because it is a large enough 
variation to notably perturb the model, providing visual discernment for the extent of additional 
migration of solution in comparison with the baseline case.  The sensitivity analysis approach is 
consistent with sensitivity analysis procedures described in Applied Groundwater Modeling Simulation of 
Advective Flow and Transport, Anderson and Woessner (1992). 
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The final updated model configuration included a porosity value of 0.12 for model layers 1 through 5 
(basin fill); a porosity value of 0.08 for model layers 6 through 10 (oxide layers); and a porosity value of 
0.2 for the faults (Exhibit B-5).  The hydraulic conductivity value assigned to the fault was ten times the 
calculated value derived from the PTF wellfield aquifer tests.  
 
The model was subsequently used to evaluate fluid migration beyond the commercial-scale well field 
based on worst-case scenarios similar to those simulated for the PTF well field using the actual hydraulic 
properties measured in the planned injection zone.  Results of the groundwater modeling effort are 
described below.  A technical memorandum describing the model update is included in Exhibit A-2 and 
electronic model files are included in Exhibit A-3. 
 
A.3.2 Model Results 
 
A.3.2.1 2012 PTF Model Simulations 
 
The 2012 groundwater model was used to simulate the distance of horizontal migration of fluid from 
one injection well injecting at the design injection rate, with no hydraulic control.  At the request of the 
USEPA, a range of aquifer parameters were applied to evaluate potential worst-case scenarios.  The 
maximum distance of migration resulting from those model simulations are provided in Table A-3. 
 
As described above, the hydraulic and formation properties measured at the PTF well field were within 
the range of values simulated in the 2012 groundwater flow model.  Also, as noted above, the PTF wells 
were constructed to fully penetrate the planned injection zone, are screened throughout the planned 
injection zone, and were pumped at rates similar to those anticipated for ISCR operations.  The wide 
range of attributes simulated in the 2012 model simulations includes those of the injection zone at PTF 
wells.  Consequently, the PTF is a valid analog for the proposed ISCR operations and 2012 model 
simulations are representative of worst-case scenarios at that location and similar locations throughout 
the commercial-scale ISCR area. 
 
A.3.2.2 2019 ISCR Perimeter Model Simulations 
 
Following the 2019 groundwater model update, Haley & Aldrich ran model simulations to evaluate the 
potential distance of migration of injected fluids at selected locations along the perimeter of the 
planned ISCR area.  The selected locations were widely spaced apart from one another to allow 
evaluation of injection zone differences reflected in the model construction.  One injection well was 
placed in each corner of the ISCR area and one additional injection was placed in the Sidewinder fault 
where it crosses the northern boundary of the ISCR area.  The wells are identified as NW Injection Well, 
NE Injection Well, SW Injection Well, SE Injection Well, and Sidewinder Fault Injection Well.  The 
Sidewinder Fault Injection Well penetrates the fault in model layer 7, just below the exclusion zone in 
the Bedrock Oxide Unit.  The NW Injection Well penetrates the Sidewinder fault in model layer 10, near 
the base of the Bedrock Oxide Unit.   
 
The effects of faults on the groundwater model results are described in the model update report 
included in Exhibit B-5 of the Application.  Figure 3 of the model update report shows the aggregate 
effects of preferential flow through two major faults, based on hydraulic conductivity values set at 6 feet 



Application for Class III UIC Permit  Attachment A:  Map(s) and Area of Review 
Florence Copper Project 
 
 

A-11 

per day under ambient flow conditions with no recovery pumping.  This hydraulic conductivity is 
10 times higher than the representative hydraulic conductivity values used for the oxide bedrock layers.  
No noticeable effects of fault zones, large or small, on hydraulic conductivity and horizontal anisotropy 
of the formation were observed during the pumping tests conducted at the PTF wellfield (Appendix A of 
Exhibit B-6).  Previous modeling results have shown that the impacts of potential flow through faults 
during ISCR operations are controlled by balanced recovery pumping.  Model simulations of the PTF 
wellfield show that even if faults are assigned a high hydraulic conductivity, if both injection and 
recovery wells penetrate the fault, hydraulic control is maintained.  
 
The Bedrock Oxide Unit thins on the eastern edge of the ISCR area and thickens to the west.  Where the 
injection zone thins, the injection rate was reduced below 60 gpm and was set at a value of 0.15 gpm 
per foot of injection zone.  Due to variation in the thickness of the Bedrock Oxide Unit, this adjustment 
must be applied where the injection zone is less than 400 feet in thickness.  Where the injection is 
thicker than 400 feet, the injection rate was maintained at 60 gpm.  The injection zone thickness at the 
well simulated at the northeastern corner of the ISCR area was approximately 220 feet thick, and 
consequently the injection rate at this location was set at 33 gpm.  The other four wells were maintained 
at an injection rate of 60 gpm. 
 
Each of the injection wells were simulated to inject fluids for a period of 48 hours and 30 days without 
any extraction pumping or hydraulic control to evaluate the potential effects of injection under an 
unrealistic worst-case scenario.  It should be noted that under no circumstances will Florence Copper 
continue to inject raffinate after determination of loss of hydraulic control.  If hydraulic control is lost, 
Florence Copper will cease injection and will not resume injection until hydraulic control has been 
reestablished.  Model scenarios simulating injection without hydraulic control for periods of 48 hours 
and 30 days were developed based on previous requests by the USEPA; however, they do not represent 
planned ISCR operations.  Injection without hydraulic control for extended periods is not realistic 
because all ISCR solutions are continuously recycled.  Consequently, a loss of all recovery well pumping 
capacity will quickly result in the cessation of injection due to the lack of solution.  Contingency plans 
detailed in both the UIC Permit and APP No. P-101704 identify actions to be taken in the event of the 
loss of hydraulic control. 

 NW Injection Well:  Injection at the hypothetical NW Injection Well for a period of 48 hours 
without extraction or any type of hydraulic control resulted in horizontal migration of injected 
solution, a distance of 138 feet.  The maximum distance of horizontal migration was in model 
layer 10, where the Sidewinder fault intersects the NW Injection Well.  Under this model 
scenario, vertical migration was limited to a distance of 40 feet in model layer 6, which 
represents the exclusion zone.  No vertical migration was simulated to occur within the LBFU 
(Figure A-4). 

Injection at the hypothetical NW Injection Well for a period of 30 days without extraction or any 
type of hydraulic control resulted in horizontal migration of injected solution, a distance of 
250 feet.  The maximum distance of horizontal migration was in model layer 10, where the 
Sidewinder fault intersects the NW Injection Well.  Similar to the 48-hour scenario, under this 
model scenario, vertical migration was limited to a distance of 40 feet in model layer 6, which 
represents the exclusion zone.  No vertical migration was simulated to occur within the LBFU 
(Figure A-5). 
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 NE Injection Well:  Injection at the hypothetical NE Injection Well for a period of 48 hours 
without extraction or any type of hydraulic control resulted in horizontal migration of injected 
solution, a distance of 66 feet.  The maximum distance of horizontal migration was in model 
layers 7 and 8, which represent the upper Bedrock Oxide Unit.  Under this model scenario, 
vertical migration was simulated to extend approximately 40 feet through model layer 6 (the 
exclusion zone) and into model layer 5 (lower portion of the LBFU).  Vertical migration was 
simulated to extend approximately 30 feet into the LBFU (Figure A-6).  This hypothetical well is 
located in the area where the injection zone is thinnest, and the injection rate is consequently 
reduced. 

Injection at the hypothetical NE Injection Well for a period of 30 days without extraction or any 
type of hydraulic control resulted in horizontal migration of injected solution, a distance of 
126 feet.  The maximum distance of horizontal migration was in model layers 7 and 8, which 
represent the upper Bedrock Oxide Unit.  Under this model scenario, vertical migration was 
simulated to extend a distance of approximately 40 feet through model layer 6 (the exclusion 
zone) and 100 feet into model layers 5 and 4 (LBFU).  Vertical migration was simulated to extend 
approximately 100 feet into the LBFU (Figure A-7).   

 SE Injection Well:  Injection at the hypothetical SE Injection Well for a period of 48 hours 
without extraction or any type of hydraulic control resulted in horizontal migration of injected 
solution, a distance of 131 feet.  The maximum distance of horizontal migration was in model 
layers 7 and 8, which represent the upper Bedrock Oxide Unit.  Under this model scenario, 
vertical migration was simulated to extend approximately 40 feet through model layer 6 (the 
exclusion zone) and 40 feet into model layer 5 (lower portion of the LBFU; Figure A-8).  This 
hypothetical well is located in the area where the injection zone is relatively thin, and the 
injection rate is consequently reduced. 

Injection at the hypothetical SE Injection Well for a period of 30 days without extraction or any 
type of hydraulic control resulted in horizontal migration of injected solution, a distance of 
189 feet.  The maximum distance of horizontal migration was in model layers 7 and 8, which 
represent the upper Bedrock Oxide Unit.  Under this model scenario, vertical migration was 
simulated to extend approximately 40 feet through model layer 6 (the exclusion zone) and 
80 feet through model layer 5 and into model layer 4 (lower portion of the LBFU).  Vertical 
migration was simulated to extend approximately 80 feet into the LBFU (Figure A-9).   

 SW Injection Well:  Injection at the hypothetical SW Injection Well for a period of 48 hours 
without extraction or any type of hydraulic control resulted in horizontal migration of injected 
solution, a distance of 116 feet.  The maximum distance of horizontal migration was in model 
layers 7 and 8, which represent the upper Bedrock Oxide Unit.  Under this model scenario, 
vertical migration was limited to a distance of 40 feet in model layer 6, which represents the 
exclusion zone.  No vertical migration was simulated to occur within the LBFU (Figure A-10). 

Injection at the hypothetical NW Injection Well for a period of 30 days without extraction or any 
type of hydraulic control resulted in horizontal migration of injected solution, a distance of 
169 feet.  The maximum distance of horizontal migration was in model layers 7 and 8, which 
represent the upper Bedrock Oxide Unit.  Under this model scenario, vertical migration was 
simulated to extend approximately 40 feet through model layer 6 (the exclusion zone) and into 
model layer 5 (lower portion of the LBFU).  Vertical migration was simulated to extend 
approximately 80 feet into the LBFU (Figure A11). 
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 Sidewinder Fault Injection Well:  Injection at the hypothetical Sidewinder Fault Injection Well 
for a period of 48 hours without extraction or any type of hydraulic control resulted in 
horizontal migration of injected solution, a distance of 82 feet.  The maximum distance of 
horizontal migration was in model layers 7 and 8, which represent the upper Bedrock Oxide Unit 
and the location where the fault intersects the well.  Under this model scenario, vertical 
migration was simulated to extend approximately 40 feet through model layer 6 (the exclusion 
zone) and into model layer 5 (lower portion of the LBFU).  Vertical migration was simulated to 
extend approximately 200 feet into the LBFU (Figure A-12).   

Injection at the hypothetical Sidewinder Fault Injection Well for a period of 30 days without 
extraction or any type of hydraulic control resulted in horizontal migration of injected solution, a 
distance of 210 feet.  The maximum distance of horizontal migration was in model layers 7 
and 8, which represent the upper Bedrock Oxide Unit and the location where the fault intersects 
the well.  Under this model scenario, vertical migration was simulated to extend a distance of 
approximately 40 feet through model layer 6 (the exclusion zone) and through model layer 5 
and into model layer 4 (LBFU).  Vertical migration was simulated to extend approximately 
120 feet into the LBFU (Figure A-13).   

 
The maximum horizontal distance of fluid migration estimated using the 2012 and 2019 FCP model using 
the specified variations in hydraulic parameters and loss of hydraulic control for 30 days, was 
approximately 250 feet.  The furthest distance of migration was simulated at the hypothetical 
NW Injection Well, where it penetrates the Sidewinder fault in model layer 10.  When considering loss of 
hydraulic control for 48 hours, the maximum estimated horizontal migration distance of lixiviant was 
only approximately 138 feet, again where the NW Injection Well was simulated to penetrate the 
Sidewinder fault in model layer 10.  The maximum distance of migration was observed in model layers 
where the Sidewinder fault was rendered and assigned conservatively high hydraulic conductivity.  
 
The LBFU varies in thickness between  approximately 600 feet on the west side of the ISCR area to less 
than 80 feet on the east side of the ISCR area.  The NE Injection Well described above was placed in the 
area where the LBFU is thinnest on the northeast side of the ISCR area, and where the oxide zone is also 
thin.  Model simulations were run with an injection rate of 0.15 gpm per foot of injection interval and 
the injection rate at the NE Injection Well was set at 33 gpm.  The model simulations described above 
show that the extent of vertical migration of fluid into and through the LBFU is closely related to the 
balance of injection and recovery rates.  If the injection at the NE Injection Well described above was 
held at 60 gpm, a rate of 0.27 gpm per foot injection interval with no recovery pumping, the injected 
solution would migrate vertically further into the LBFU.  Depending on the degree of injection and 
pumping imbalance, solution could migrate to the LBFU/MFGU contact where the LBFU is thinnest.  It is 
important to note that this scenario does not reflect planned operations and represents a worst-case 
condition where power is lost to the recovery wells, but power continues to be supplied to the injection 
well, and the injection rate is nearly doubled.  
 
The transport simulation was performed using MT3D, which simulates both advective and dispersive 
transport mechanisms.  Because the dispersive mass flux from one model cell to the other is calculated 
based on the concentration gradient between two cells, vertical mass transfer through dispersive 
transport process can be greatly exaggerated based on the coarseness of the model grid discretization. 
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Without recovery well pumping, long-term injection in the oxide model layers can result in injectate 
reaching the LBFU in the vicinity of the injection well because of the upward hydraulic gradient 
generated by imbalanced injection.  Where the recovery rate is greater than the injection rate, injected 
solution does not migrate into the LBFU or to the LBFU/MFGU contact.  Using balanced injection and 
recovery rates, as planned for ISCR operations, injected solution is not expected to reach the 
LBFU/MFGU contact, even where the LBFU is thinnest. 
 
The AOR proposed by Florence Copper is equivalent to the area of the ISCR well field and a 
circumscribing width of 500 feet.  This AOR is conservative with respect to protecting USDWs because it 
provides a factor of safety of between 2 and 4 times the actual distance that raffinate may migrate 
under worst-case conditions (30-day excursion), which significantly exceed the maximum 48-hour 
excursion addressed in UIC R9UIC-AZ3-FY11-1.  The proposed AOR provides a safety factor of 3.6 times 
the actual distance (138 feet) that solution may travel during a period of 48 hours. 
 
It is important to understand that there are no realistic scenarios in which injection would continue 
without solution recovery from the wellfield.  If power is lost to the recovery wells, power will also be 
lost to the injection pumps and injection will cease.  If power is lost to the recovery wells and injection 
pumps, the solution remaining in the ground will migrate at the same rate as ambient groundwater 
flow.   
 
The ISCR wellfield will also be equipped with alarms, described in the operations plan included in 
Exhibit D-2 of the Application, that will notify Florence Copper personnel of loss of flow from the 
recovery wells and prescribes responses to correct the condition.  There is no scenario where 
uncontrolled injection will occur, and no scenario where uncontrolled injection will be affected by 
operations in nearby injection or recovery wells. 
 
 
Part III. Map(s) (40 CFR §§ 144.31 & 146.34) 
 
A.4 WELLS AND CORE HOLES IN THE VICINITY OF THE FCP SITE 
 
The location of registered wells within 1 mile of the FCP site are shown on Figure A-14.  These wells 
were identified based on review of publicly available well records maintained by the Arizona 
Department of Water Resources (ADWR).  The resulting data set was queried using a distance of 1 mile 
from the Florence Copper property boundary.  Florence Copper has not verified the existence or 
condition of the wells shown on Figure A-14.  Available information describing each of the wells shown 
on Figure A-14 is provided in Table A-4.  Information describing wells located on the Florence Copper 
property but outside of the AOR are is provided in Table A-5.  Information describing wells within the 
AOR is discussed below under Part IV, Area of Review Wells and Corrective Action Plans. 
 
There are no outcrops of the injection or confining formations within 1 mile of the FCP site.  There are 
no surface water intake structures or discharge structures located within 1 mile of the FCP site.  There 
are no hazardous waste treatment, storage, or disposal facilities located within 1 mile of the FCP site.  
There are no springs or surface water bodies located within ¼ mile of the FCP site. 
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Part IV. Area of Review Wells and Corrective Action Plans (40 CFR §§ 144.55 & 
146.34) 

 
A.5 WELLS AND CORE HOLES WITHIN THE PROPOSED AOR 
 
Wells within the proposed AOR include POC wells, formation testing and monitoring wells, industrial 
wells, irrigation wells, exploration core holes, and Class III wells constructed by previous owners of the 
FCP site.  All but two of those wells are owned by Florence Copper.  The two wells not owned by 
Florence Copper are irrigation wells identified as BIA 9 and BIA 10B in Table A-7.  Florence Copper 
relocated well BIA 9 in preparation for PTF operations and has agreed to replace the production capacity 
of well BIA 10B prior to commencement of commercial-scale ISCR operations.  
 
This document includes information describing wells and core holes that has been compiled from public 
sources and records generated by previous site owners.  The information includes: 

 Active Class III wells (PTF wells) within the AOR (Table A-1); 

 Class III wells (BHP test wells) within the AOR proposed for abandonment (Table A-6); 

 All non-Class III wells within the AOR (Table A-7) (Figure A-15); 

 Open core holes which penetrate the proposed injection zone within the AOR (Table A-8) 
(Figure A-16); and 

 Wells and core holes plugged and abandoned prior to PTF operations (Exhibit A-4). 
 
The existing Class III wells at the Site (Tables A-1 and A-6) include the BHP test wells, PTF ISCR wells, PTF 
operational monitoring wells, Westbay wells, and PTF supplemental monitoring wells that are located 
within the PTF AOR.  The PTF ISCR wells have been constructed in accordance with UIC Class III 
standards and are proposed to continue operating during commercial ISCR operations.  The PTF 
operational monitoring and supplemental monitoring wells have also been constructed to UIC Class III 
standards and are proposed to remain in service as monitoring wells until the advancing commercial 
ISCR well field encompasses them, at which time they will be abandoned.  Construction records for the 
PTF Class III wells were previously provided to USEPA and are included in Exhibit A-5. 
 
Florence Copper proposes to plug and abandon the BHP test wells (Table A-6) without any further use or 
modification of the wells.  Cementing records for the BHP Class-III wells listed in Table A-6 are provided 
in Exhibit A-6.   
 
Non-Class III wells within the AOR (Table A-7) range widely in age and have generally been constructed 
in accordance with ADWR well construction standards, but not to Class III standards.  These wells will be 
properly plugged and abandoned prior to commencement of ISCR operations within 500 feet of these 
wells.  As necessary, POC wells will be replaced at appropriate locations and using appropriate 
construction methods as they are required to be abandoned because of planned ISCR operations within 
500 feet.  Cementing records, to the extent they are available, are included in Exhibit A-7. 
 
A total of 308 core holes exist within the planned ISCR area and the AOR (Table A-8).  The core holes 
were drilled as exploratory borings and have not been sealed in accordance with ADWR or Class III well 
construction standards and are not considered to be properly sealed.  Each of the core holes will be 
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properly plugged and abandoned prior to commencement of ISCR operations within 500 feet of the core 
hole location.  The core holes do not have cemented collars, and consequently no cementing records 
exist for the core holes listed in Table A-8. 
 
Prior to commencement of operation at the PTF, Florence Copper plugged and abandoned all wells and 
core holes within 500 feet of the PTF ISCR well field.  This effort included plugging and abandonment of 
30 core holes and 7 wells.  Plugging and abandonment records have previously been submitted to 
USEPA, however, the abandonment report is also provided in Exhibit A-4. 
 
A.6 CORRECTIVE ACTION 
 
Corrective action will be taken to prevent the migration of injected fluids between or into USDWs within 
or adjacent to the AOR.  Corrective action includes plugging and abandonment of all wells and coreholes 
within the AOR, with the exception of Class III wells, prior to placing an injection well into operation 
within 500 feet of the well or core hole.  The wells and core holes will be plugged and abandoned in 
accordance with the Plugging and Abandonment Plan provided in Attachment E of this Application.  All 
non-Class III wells currently existing within the AOR, and which will be plugged and abandoned prior to 
injection within 500 feet, are listed in Table A-7.  Plugging and abandonment forms for each of the wells 
listed in Table A-7 are included in Exhibit E-2.  All open core holes currently existing within the AOR and 
which will be plugged and abandoned prior to injection within 500 feet are listed in Table A-8.  Plugging 
and abandonment forms for each of the core holes listed in Table A-8 are included in Exhibit E-3.  
Plugging and abandonment forms for the BHP Class III wells listed in Table A-6 are included in 
Exhibit E-4. 
 
 
Part V. Landowners Information (40 CFR § 144.31 and Part 147) 
 
A.7 LANDOWNER INFORMATION 
 
Publicly available information including the names and addresses of landowners within ¼ mile of the FCP 
site is provided in Table A-9.  Information in Table A-9 includes a total of 41 parcels with associated land 
uses.  Six of the parcels have parcel numbers identified but no other available information including the 
no owner information. 
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TABLE A‐1
PTF CLASS III WELL SUMMARY 
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 1 of 4

Casing Diameter Screen Diameter

Northing (NAD 83) Easting (NAD 83) Outside (in.) Outside (in.)

OPERATIONAL MONITORING WELLS

SUPPLEMENTAL MONITORING WELLS

0.020 5.56

0.020 5.56

Well ID
Top Screened 
Interval (ft bgs)

Well Depth (ft bgs)
Borehole Depth 

(ft bgs)
Cadastral LocationWell TypeWell Registry ID

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 

Interval (ft bgs)

Survey Data (State Plane)

M57‐O 55‐226790
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746248.93

M58‐O 55‐226794

5.66

1,201

630410

M56‐LBF 55‐226795
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746303.41

2400

352 340 3200

216M55‐UBF 55‐226797
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746280.63 847541.46 272 261

847518.70 Mild Steel  5.66

1,200 5230 Mild Steel 

M59‐O 55‐226791
Class III Supplemental 

Monitoring
D (4‐9) 28 CAC 746218.89 847934.95 1,213 1,200

Mild Steel 
Class III Supplemental 

Monitoring
5631,213

Mild Steel 

D (4‐9) 28 CBD 746595.97 847672.23 5.66

534

M61‐LBF 55‐226799
Class III Supplemental 

Monitoring
D (4‐9) 28 CAC 746148.88 848184.46 646

1,213M60‐O 55‐226796
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 745903.70 847599.37

Mild Steel  5.66630 4290

5.66 Schedule 80 PVC  0.020Mild Steel 

Schedule 80 PVC  0.020

Schedule 80 PVC  0.020

5.66

415

5.56

Schedule 80 PVC 

5.56

5.56444

Bottom Screened 
Interval (ft bgs)

261

340

1,200

1,200

1,200

Bottom Cement 
Interval (ft bgs)

5.56Schedule 80 PVC 0.020

Schedule 80 PVC  0.020 5.56

Schedule 80 PVC Mild Steel  5.66

5.66 Schedule 80 PVC  0.020 5.56

5.66 Schedule 80 PVC 0.020 5.56

746360.54 847487.97

1,201 0

0

1,200 5940

297

504

512

847378.37 1,210

MW‐01‐O 55‐226793 Operational Monitoring D (4‐9) 28 CBD 746369.31 847499.04

330 440 Mild Steel 

500 1,200 Mild Steel 1,210 1,200 0 480

444 440 0 310MW‐01‐LBF 55‐226789 Operational Monitoring D (4‐9) 28 CBD

Table A‐1 PTF Class III Well  Summary Table.xlsx October 2019



TABLE A‐1
PTF CLASS III WELL SUMMARY 
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 2 of 4

Casing Diameter Screen Diameter

Northing (NAD 83) Easting (NAD 83) Outside (in.) Outside (in.)
Well ID

Top Screened 
Interval (ft bgs)

Well Depth (ft bgs)
Borehole Depth 

(ft bgs)
Cadastral LocationWell TypeWell Registry ID

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 

Interval (ft bgs)

Survey Data (State Plane)

Bottom Screened 
Interval (ft bgs)

Bottom Cement 
Interval (ft bgs)

OBSERVATION WELLS

RECOVERY WELLS
521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47
663 883 Stainless steel (641 ‐ 663)  5.56
905 1,205 Stainless steel  (883 ‐ 905) 5.56

521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47
661 881 Schedule 80 PVC blank (641 ‐ 661) 5.56
901 1,202 Schedule 80 PVC blank (881 ‐ 901) 5.56

522 642 Fiberglass Reinforced Plastic (0 ‐ 522) 5.47
662 882 Schedule 80 PVC blank (642 ‐ 662) 5.56
902 1,202 Schedule 80 PVC blank (882 ‐ 902) 5.56

520 640 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47
660 880 Schedule 80 PVC blank (640 ‐ 660) 5.56
900 1,201 Schedule 80 PVC blank (880 ‐ 900) 5.56

5.47

499 1,201 Fiberglass Reinforced Plastic

O‐04 55‐2527233 Class III Observation D (4‐9) 28 CBD 745988.60 847624.06 1,208 1,200 0 473 498 1,200 Fiberglass Reinforced Plastic 5.47 Schedule 80 PVC  0.020 5.56

O‐06 55‐227235

R‐04 55‐227703 Class III Recovery D (4‐9) 28 CAC 746060.98 847765.04 1,225 1,201 0

R‐02 55‐227701 Class III Recovery D (4‐9) 28 CAC 746202.30 847765.32 Schedule 80 PVC  0.080 5.56496

5.561,225 1,202 0 494 Schedule 80 PVC 

488 Schedule 80 PVC  0.080 5.56

Schedule 80 PVC  0.020 5.56Fiberglass Reinforced Plastic

5.47 Schedule 80 PVC  0.020 5.56

5.56Fiberglass Reinforced Plastic 5.47 Schedule 80 PVC  0.020

Schedule 80 PVC  0.020 5.565.47

1,201430

1,220 1,201 0 485 500 1,201

55‐227236 Class III Observation D (4‐9) 28 CBD 746270.61 847623.88

847831.43

1,198 4460

Class III Observation D (4‐9) 28 CBD 746042.91 847534.95 1,220 1,201 450

Class III Observation D (4‐9) 28 CBD 746201.82 847553.01 1,220 1,201 0 474

5.56

1,201

1,198

Fiberglass Reinforced Plastic

429

428

478 Schedule 80 PVC  0.020 5.56

Fiberglass Reinforced Plastic 5.47 Schedule 80 PVC  0.020 5.56

R‐01 55‐227700 Class III Recovery D (4‐9) 28 CAC 746273.07 847694.41 1,220 1,205 0 499

R‐03 55‐227702 Class III Recovery D (4‐9) 28 CAC 746131.72

Schedule 80 PVC  0.080

847836.12 0.080

Class III Observation D (4‐9) 28 CAC

0

1,210

1,208O‐03 55‐227232 D (4‐9) 28 CACClass III Observation 746053.02 4500

O‐07

Fiberglass Reinforced Plastic 5.47

O‐01 55‐227230 Class III Observation D (4‐9) 28 CAC 746272.70 847765.50

O‐05B 55‐227234

1,201

1,225 1,202 0

O‐02 55‐227231 746202.32 847836.29 1,224 1,201 0 501 1,201
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TABLE A‐1
PTF CLASS III WELL SUMMARY 
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 3 of 4

Casing Diameter Screen Diameter

Northing (NAD 83) Easting (NAD 83) Outside (in.) Outside (in.)
Well ID

Top Screened 
Interval (ft bgs)

Well Depth (ft bgs)
Borehole Depth 

(ft bgs)
Cadastral LocationWell TypeWell Registry ID

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 

Interval (ft bgs)

Survey Data (State Plane)

Bottom Screened 
Interval (ft bgs)

Bottom Cement 
Interval (ft bgs)

521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47
661 881 Schedule 80 PVC blank (641 ‐ 661) 5.56
901 1,202 Schedule 80 PVC blank (881 ‐ 901) 5.56

519 640 Fiberglass Reinforced Plastic (0 ‐ 519) 5.47
660 879 Schedule 80 PVC blank (640 ‐ 660) 5.56
900 1,200 Schedule 80 PVC blank (879 ‐ 900) 5.56

523 643 Fiberglass Reinforced Plastic (0 ‐ 523) 5.47
663 884 Schedule 80 PVC blank (643 ‐ 663) 5.56
904 1,204 Schedule 80 PVC blank (884 ‐ 904) 5.56

524 644 Fiberglass Reinforced Plastic (0 ‐ 524) 5.47
665 885 Schedule 80 PVC blank (644 ‐ 665) 5.56
905 1,205 Schedule 80 PVC blank (885 ‐ 905) 5.56

520 658 Fiberglass Reinforced Plastic (0 ‐ 520) 8.46
676 892 Stainless steel (658 ‐ 676) 8.63
911 1,205 Stainless steel (892 ‐ 911) 8.63

INJECTION WELLS
521 642 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47
661 881 Stainless steel (642 ‐ 661)  5.56
901 1,201 Stainless steel  (881 ‐ 901) 5.56

520 641 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47
660 881 Stainless steel (641 ‐ 660) 5.56
900 1,201 Stainless steel (881 ‐ 900) 5.56

521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47
660 880 Stainless steel (641 ‐ 660) 5.56
900 1,200 Stainless steel (880 ‐ 900) 5.56

520 640 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47
659 879 Stainless steel (640 ‐ 659)  5.56
899 1,199 Stainless steel (879 ‐ 899) 5.56

501

1,235 1,201 0 490

1,219 1,201 0 490

1,225 1,200 0 490

Schedule 80 PVC  0.080 8.63R‐09 55‐227708 Class III Recovery D (4‐9) 28 CAC 746132.08 847694.65 1,236 1,205 0

R‐06 55‐227705 Class III Recovery D (4‐9) 28 CBD 746060.76 847623.95 Schedule 80 PVC  0.080 5.56500

Schedule 80 PVC  0.080 5.56R‐07 55‐227706 Class III Recovery D (4‐9) 28 CBD 746131.57 847552.95 1,244 1,204 0 505

Schedule 80 PVC  0.080 5.561,223 1,202 0 493R‐05 55‐227704 Class III Recovery D (4‐9) 28 CAC

Schedule 80 PVC  0.080 5.56R‐08 55‐227707 Class III Recovery D (4‐9) 28 CBD 746202.32 847623.59 4971,225 1,205 0

745990.04 847694.30

1,210 1,200 0

Schedule 80 PVC  0.080 5.56I‐01 55‐227963 Class III Injection D (4‐9) 28 CAC 746202.46 847694.70

Schedule 80 PVC  0.080 5.56I‐02 55‐227964 Class III Recovery D (4‐9) 28 CAC 746131.73 847765.01

Schedule 80 PVC  0.080 5.56I‐03 55‐227965 Class III Recovery D (4‐9) 28 CAC 746061.32 847694.57

1,225 1,199 0 488 Schedule 80 PVC  0.080 5.56I‐04 55‐227966 Class III Recovery D (4‐9) 28 CBD 746131.37 847623.89
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TABLE A‐1
PTF CLASS III WELL SUMMARY 
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 4 of 4

Casing Diameter Screen Diameter

Northing (NAD 83) Easting (NAD 83) Outside (in.) Outside (in.)
Well ID

Top Screened 
Interval (ft bgs)

Well Depth (ft bgs)
Borehole Depth 

(ft bgs)
Cadastral LocationWell TypeWell Registry ID

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 

Interval (ft bgs)

Survey Data (State Plane)

Bottom Screened 
Interval (ft bgs)

Bottom Cement 
Interval (ft bgs)

WESTBAY WELLS
562 572 Fiberglass Reinforced Plastic (0 ‐ 497) 4.5
702 712
843 853
983 993
1,123 1,133
563 574 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5
704 714
844 854
984 994
1,124 1,134
563 573 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5
703 713
843 853
984 994
1,124 1,134
564 574 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5
704 714
844 854
984 995
1,125 1,135

NOTES:

1. Information taken from the pipe tally, annular materials and well development field forms; the automated casing layout; and the drill tracking spreadsheet for each well.

 

Schedule 80 PVC blank                        
(498‐563, 573‐703, 713‐843, 853‐984, 994‐1124, 

1134‐1174)

4.5

4.5

4.5
Schedule 80 PVC blank                        

(497‐562, 572‐702, 712‐843, 853‐983, 993‐1123, 
1133‐1174)

4.5
WB‐01 55‐227226 Class III Multi‐Level Sampling D (4‐9) 28 CAC 746167.50 847695.07

746131.33 847730.23
Schedule 80 PVC blank                        

(498‐563, 574‐704, 714‐844, 854‐984, 994‐1124, 
1134‐1175)

1,203 1,174 0 474 Schedule 80 PVC  0.020

4.5

WB‐03 55‐227228 Class III Multi‐Level Sampling D (4‐9) 28 CAC 746096.50 847694.08 1,220 1,174 0 489 Schedule 80 PVC  0.020 4.5

1,204 1,175 0 484 Schedule 80 PVC  0.020WB‐02 55‐227227 Class III Multi‐Level Sampling D (4‐9) 28 CAC

4.51,219 1,175 0 486 Schedule 80 PVC  0.020WB‐04 55‐227229 Class III Multi‐Level Sampling D (4‐9) 28 CAC 746131.41 847659.81 Schedule 80 PVC blank                        
(498‐564, 574‐704, 714‐844, 854‐984, 995 ‐ 

1125, 1135‐1175)
4.5
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TABLE A‐2
2012 PTF GROUNDWATER MODEL RESULTS
FOR SPECIFIED INJECTION SCENARIOS
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Simulation 
Time

Number of 
Wells 

Injecting

Injection 
Rate 
(gpm)

Number of 
Wells 

Pumping

Pumping 
Rate

Porosity of 
Oxide Layers 

(%)

Fault Zone 
Porosity 

(%)

Fault Zone 
Hydraulic 

Conductivity 
(ft/day)

Maximum Distance of 
Horizontal Fluid 

Migration 
(feet)

30 days 1 60 0 0 5 ‐ 8 10 40 201

48 hours 1 60 0 0 5 ‐ 8 10 40 67

Scenario 2 30 days 1 60 0 0 5 ‐ 8 13 40 163

Scenario 3 30 days 1 60 0 0 5 ‐ 8 20 40 125

Scenario 4 30 days 1 60 0 0 2 10 2.51 125

Scenario 5 30 days 1 60 0 0 8 10 2.51 125

Scenario 6 30 days 1 60 0 0 13 10 2.51 125

Scenario 7 30 days 1 60 0 0 13 10 2.51 125

  PTF = Production Test Facility

Scenario 1

Notes:

  % = percent

  ft/day = feet per day

  gpm = gallons per minute

Table A‐2_2012 PTF GW Model Results.xlsx October 2019



TABLE A‐3
2019 UPDATED GROUNDWATER MODEL 
RESULTS FOR SPECIFIED INJECTION SCENARIOS
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Simulation 
Time

Number of Wells 
Injecting

Injection Rate 
(GPM)

Number of 
Wells Pumping

Pumping Rate
Porosity of 
Oxide Layers 

(%) *

Fault Zone 
Porosity 
(%) **

Fault Zone 
Hydraulic 

Conductivity 
(ft/day) ***

Maximum 
Distance of 

Horizontal Fluid 
Migration 
(feet)

48 hours 1 60 0 0 8 10 6 138

30 days 1 60 0 0 8 10 6 250

48 hours 1 33 0 0 8 10 6 66

30 days 1 33 0 0 8 10 6 126

48 hours 1 60 0 0 8 10 6 116

30 days 1 60 0 0 8 10 6 169

48 hours 1 60 0 0 8 10 6 131

30 days 1 60 0 0 8 10 6 189

48 hours 1 60 0 0 8 10 6 82

30 days 1 60 0 0 8 10 6 210

NW Well

NE Well

SW Well

SE Well

Sidewinder 
Fault Well

Notes:

*Porosity value was set based on neutron‐density logging conducted in the Bedrock Oxide Unit.

**Fault porosity was set at 10 percent in the base model.
***Fault zone hydraulic conductivity was conservatively set at a value 10 times the average hydraulic conductivity measured in  the PTF injection zone.  
     Aquifer tests conducted in the PTF well field included wells that penetrated the Sidewinder Fault.

   

Table A‐3_2019 Updated GW Model Results.xlsx October 2019



TABLE A‐4
INFORMATION FOR WELLS WITHIN 1.0 MILES OF THE
POLLUTANT MANAGEMENT AREA OCCURRING OUTSIDE THE FCP PROPERTY BOUNDARY
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 1 of 1

Well Owner  ADWR 55 Registry No.  CADASTRAL Easting (SPAzC83) Northing (SPAzC83) Water Use Casing Depth Total Depth Screened Interval Casing Type
MISSION MATERIALS COMPANY 599928 D04009032CDA 843385.8291 740260.9541 INDUSTRIAL 480 500 280‐480 STEEL ‐ PERFORATED OR SLOTTED CASING
MISSION MATERIALS COMPANY 609669 D04009032DDA 846018.2021 740270.7858 IRRIGATION 535 535 NR STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC 627619 D04009034DDA 856495.1893 740276.834 MONITORING 392 392 264‐392 STEEL ‐ PERFORATED OR SLOTTED CASING
GRANDIS LAND HOLDING LLC 609668 D04009032CAC 842724.3625 740918.1398 DOMESTIC 250 250 100‐216 STEEL ‐ PERFORATED OR SLOTTED CASING
UNITED METRO MATERIALS INC 202896 D04009032DBA 844695.2667 741585.1585 INDUSTRIAL 705 705 182‐705 STEEL ‐ PERFORATED OR SLOTTED CASING
VIEW INVESTORS, LLC 609670 D04009032BCA 842058.6076 742894.6322 IRRIGATION 440 440 NR STEEL ‐ PERFORATED OR SLOTTED CASING
GRANDIS LAND HOLDING LLC 609671 D04009032BDA 843373.3156 742899.5374 IRRIGATION 373 375 NR STEEL ‐ PERFORATED OR SLOTTED CASING
SWVP‐GTIS MR LLC 627604 D04009032ADA 846002.4357 742906.063 IRRIGATION 473 473 NR STEEL ‐ PERFORATED OR SLOTTED CASING
VANGUARD PROPERTIES INC. 904424 D04009032AAC 845341.2949 743563.2513 MONITORING NR NR NR NO CASING CODE LISTED
GRANDIS LAND HOLDING LLC 609672 D04009032BAA 843367.0856 744215.5472 IRRIGATION 410 410 NR STEEL ‐ PERFORATED OR SLOTTED CASING
SWVP‐GTIS MR LLC 627617 D04009030DDA 840732.6093 745538.1624 IRRIGATION NR 355 NR NO CASING CODE LISTED
SWVP‐GTIS MR LLC 627610 D04009029DCA 844672.8527 745546.2864 IRRIGATION 1176 1180 229‐1176 STEEL ‐ PERFORATED OR SLOTTED CASING
SAN CARLOS IRRIGATION 621950 D04009029CBC 841386.4757 746203.5397 IRRIGATION 334 334 NR WALLED OR SHORED
SWVP‐GTIS MR LLC 609667 D04009029DAC 845323.439 746211.6371 INDUSTRIAL 1098 1098 NR STEEL ‐ PERFORATED OR SLOTTED CASING
SWVP‐GTIS MR LLC 609666 D04009029DAB 845317.2976 746877.8212 INDUSTRIAL 1600 1625 1452‐1600 STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC. 627642 D04009026BDA 859164.0497 748172.1218 MINERAL EXPLORATION NR NR NR NO CASING CODE LISTED
FLORENCE COPPER INC. 627647 D04009026BDA 859164.0497 748172.1218 MINERAL EXPLORATION 20 40 NR STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC. 627653 D04009026BDA 859164.0497 748172.1218 MINERAL EXPLORATION 40 140 NR STEEL ‐ PERFORATED OR SLOTTED CASING
CONOCO INC. 502877 D04009023CCD 857861.5382 750152.9164 MINERAL EXPLORATION NR 1500 NR NO CASING CODE LISTED
CONOCO INC. 504698 D04009023CCD 857861.5382 750152.9164 MINERAL EXPLORATION NR 900 NR NO CASING CODE LISTED
CONOCO INC. 502878 D04009022DDC 855880.7713 750173.2149 MINERAL EXPLORATION NR 1500 NR NO CASING CODE LISTED
CONOCO INC. 504701 D04009022DCC 854552.4829 750181.3133 MINERAL EXPLORATION NR 300 NR NO CASING CODE LISTED
JOHNSON UTILITIES LLC 212512 D04009020CCD 842016.5801 750193.3287 PRODUCTION 597 635 457‐597 STEEL ‐ PERFORATED OR SLOTTED CASING
CONOCO INC. 508803 D04009022000 854214.2592 752495.438 MINERAL EXPLORATION NR NR NR STEEL
BHP COPPER, INC. 541016 D04009022000 854214.2592 752495.438 MINERAL EXPLORATION NR 1817 NR NO CASING CODE LISTED/Casing Pulled
SWVP‐GTIS MR LLC 627648 D04009021BCD 847265.0866 752825.3271 MINERAL EXPLORATION 465 465 NR STEEL ‐ PERFORATED OR SLOTTED CASING

NR ‐ Not Reported
N/A ‐ Not Applicable
NI No Interpreatation Made

Table A‐4 Well Info 1 Mile Outside FCI_REVISED.xlsx October 2019



TABLE A‐5
INFORMATION FOR WELLS WITHIN THE FCP PROPERTY BOUNDARY
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Well Owner  Well Name
ADWR 55 Registry 

No.  CADASTRAL Easting (SPAzC83) Northing (SPAzC83) Water Use Casing Depth Total Depth Screened Interval Casing Type
FLORENCE COPPER INC R‐04 227703 D04009028CBD 847765.0355 74606.9782 INDUSTRIAL 1200 1200 520‐640, 660‐880, 900‐1200 PLASTIC OR PVC
FLORENCE COPPER INC BIA‐9R 227867 D04009033BCC 846929.6590 742279.6550 INDUSTRIAL 730 900 320‐730 STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC NA 535365 D04009027DBA 855194.0515 746878.6765 MONITORING 180 220 NR STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC M3‐GL (POC) 547614 D04009033BBC 851425.9229 743732.4154 MONITORING 358 370 297‐337 PLASTIC OR PVC
FLORENCE COPPER INC M4‐O (POC) 547615 D04009033BBC 851424.3625 743764.2159 MONITORING 485 510 404‐464 PLASTIC OR PVC
FLORENCE COPPER INC M5‐S 547616 D04009033BBC 851472.9198 743764.8189 MONITORING 597 516‐576 NO CASING CODE LISTED
FLORENCE COPPER INC M2‐GU (POC) 547814 D04009033BBC 851447.5719 743784.7661 MONITORING 257 270 197‐237 PLASTIC OR PVC
FLORENCE COPPER INC M33‐UBF (POC) 556092 D04009022CCD 852422.8967 747532.4915 MONITORING 250 260 130‐170 PLASTIC OR PVC
FLORENCE COPPER INC WW4 (PW‐4) 627609 D04009033AAD 851229.9931 743578.523 IRRIGATION 997 997 NR STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC NA 627611 D04009027DDD 856499.1844 744897.9012 IRRIGATION 600 600 70‐590 STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC England 3 627612 D04009028CDB 852786.764 746485.32 IRRIGATION 410 410 LBFU STEEL ‐ PERFORATED OR SLOTTED CASING
FLORENCE COPPER INC Supply Well 2 (Farm Supply) 627613 D04009027ABD 852803.6923 746454.9596 DOMESTIC 290 305 NR NO CASING CODE LISTED
FLORENCE COPPER INC Supply Well 1 (FCI Supply) 627614 D04009027CAD 854043.5226 745906.4321 INDUSTRIAL 500 500 70‐490 STEEL ‐ PERFORATED OR SLOTTED CASING
SAN CARLOS IRRIG. BIA‐10 UKN UKN 851572.7510 746276.7680 IRRIGATION 259 UKN UKN
FLORENCE COPPER INC MF3 UKN D04009032ADA 846294.0969 743186.8006 IRRIGATION
FLORENCE COPPER INC P3‐60 UKN D04009028BDD 851539.1198 745046.8579 PIEZOMETER
FLORENCE COPPER INC P4‐40 UKN D04009027DCC 854214.148 745046.8861 PIEZOMETER
FLORENCE COPPER INC PW‐20 UKN D04009029DCA 844409.0378 745416.7829 MONITORING

Table A‐5  Well Info Outside of AOR but Within FCI_REVISED.xlsx October 2019



TABLE A‐6
EXISTING CLASS III WELLS (BHP TEST WELLS)
WITHIN THE AREA OF REVIEW PROPOSED FOR ABANDONMENT
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Well ID Well Type Location/ADWR No.

Location 
Coordinates 
(Northing
Easting)

Total Depth
(feet)a

Casing 
Diameter

Screened Interval
(feet)a

BHP‐1 Test D(4‐9)28dcc
744922.9N, 
649371.5E

830 5" 403‐800

BHP‐2 Test D(4‐9)28dcc
744873.4N, 
649423.3E

894 5" 408‐770

BHP‐3 Test D(4‐9)28dcc
744975.7N, 
649419.5E

872 5" 403‐860

BHP‐4 Test D(4‐9)28dcc
744975.9N, 
649320.3E

834 5" 403‐742

BHP‐5 Test D(4‐9)28dcc
744877.1N, 
649321.9E

798 5" 403‐776

BHP‐6 Test D(4‐9)28dcc
744923.1N, 
649420.2E

820 5" 410‐805

BHP‐7 Test D(4‐9)28dcc
744974.0N, 
649371.9E

810 5" 410‐760

BHP‐8 Test D(4‐9)28dcc
744923.6N, 
649320.8E

790 5" 410‐790

BHP‐9 Test D(4‐9)28dcc
744874.3N, 
649370.2E

850 5" 410‐840

BHP‐10 Test D(4‐9)28dcc
744923.1N, 
649471.2E

840 5" 400‐820

BHP‐11 Test D(4‐9)28dcc
745026.3N, 
649370.5E

805 5" 400‐805

BHP‐12 Test D(4‐9)28dcc
744922.9N, 
649270.6E

770 5" 400‐770

BHP‐13 Test D(4‐9)28dcc
744824.0N, 
649370.6E

840 5" 420‐826

OWB‐1 Observation D(4‐9)28dcc
744975.9N, 
649470.8E

830 5" 420‐795

OWB‐2 Observation D(4‐9)28dcc
745026.2N, 
649321.1E

225 5" 200‐220

OWB‐3 Observation D(4‐9)28dcc
744976.4N, 
649270.5E

820 5" 420‐796

OWB‐4 Observation D(4‐9)28dcc
744873.6N, 
649270.3E

755 5" 410‐745

OWB‐5 Observation D(4‐9)28dcc
744873.9N, 
649470.9E

765 5" 420‐765

OWB‐6 Observation D(4‐9)28dcc
745134.0N, 
649160.0E

925 5" 420‐920

CH1 Observation D(4‐9)28dcc
744935.0N, 
649381.9E

789 5"
420‐520, 560‐660, 

700‐780

CH2 Observation D(4‐9)28dcc
744934.0N, 
649407.9E

775 5"
420‐520, 560‐660, 

700‐760

a Feet below ground surface (bgs)
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

PW‐1 (Conoco 1, WW‐1) Industrial D(4‐9)28dbd 746030.0N 1467.8 1467.8 949 18"; 0‐540 243‐947 340 12/2/74 Florence Copper
55‐627606 650070.0E 14"; 540‐937

aka:
D(4‐9)dbd2

PW‐2 (Conoco 2) Industrial D(4‐9)28cab 747070.0N 1483.17 1483.57 981 18"; 0‐621 234‐981 580 1/29/75 Florence Copper
55‐627607 647940.0E 14"; 621‐981

aka:
D(4‐9)28cabb
D(4‐9)28bdc

OB‐1 (OW‐1, Monitor D(4‐9)28cda 745613.8N 1472.12 1472.12 1496 5"; 0‐1,035 470‐1,035 455 1972 Florence Copper
OBS‐1, OB‐1 Conoco) aka: 648660.9E

D(4‐9)28cda3
Monitor D(4‐9)28cad 745947.9N 1473.47 1473.47 1600 8"; 0‐295 285‐1,030 368.5 1972 Florence Copper

aka: 649003.9E 5"; 295‐1,030

D(4‐9)28cad1
Irrigation D(4‐9)28cda 745695.0N NA NA 560 20"; 0‐260 75‐560 NA 7/6/63 Florence Copper

55‐627640 648536.0E 16"; 260‐560
aka:

D(4‐9)28cda1
D(4‐9)28cdab

OB‐4 Monitor D(4‐9)28ddb 745194.7N 1463 NA 350 3" 160‐340 346 NA Florence Copper Unable to locate
650636.2E

OB‐5 Monitor D(4‐9)28cda 745115.2N 1463 NA 350 3" 160‐340 NA NA Florence Copper Unable to locate
649038.1E

OB‐6 Monitor D(4‐9)28cad 746483.0N 1470.52 1472.3 350 4" UNK NA NA Florence Copper
648549.7N

OB1‐1 Monitor D(4‐9)28caa 746428.3N 1476.48 NA 760 4" 360‐740 360 1994 Florence Copper
648750.1E

OB2‐1 Monitor D(4‐9)28dbc 746157.9N 1471.56 NA 640 4" 400‐620 340 1994 Florence Copper
aka: 649563.9E

D(4‐9)28dbd
OB2‐2 Monitor D(4‐9)28dcb 745500.7N 1464.02 NA 800 4" 460‐760 360 1994 Florence Copper

649879.1E
OB7‐1 Monitor D(4‐9)28cda 745455.6N 1468.27 NA 900 4" 540‐880 370 1994 Florence Copper

648872.2E

18‐inch steel surface casing from 0 to 538 feet.  
14‐inch steel casing from 0 to 949 feet.  
Production rate was 450 gpm in 1976.

18‐inch steel surface casing 0 to 621 feet.  
14‐inch steel casing from 0 to 981 feet.  
Production rate was 1,600 gpm in 1976.

10⅝‐inch steel surface casing from 0 to 68 feet.  
8⅝‐inch blank steel casing from 0 to 47 feet.  
5½‐inch steel casing perforated from 470 to 
1,035 feet.  Cement plug set at 1,035 feet.

Unused

Aquifer test conducted 2/7/94 to 2/14/94.  
Pumped from PW‐1.

Aquifer test conducted 2/7/94 to 2/14/94.

Aquifer test conducted 3/8/94 to 3/21/94.

Pump test conducted 4/20/94 to 5/2/94.

OB‐2 (OW‐2, OB‐2 Conoco)

OB‐3 (McFarland 1, OW‐3, 
Mf H20, MFZ)

13⅜‐inch blank steel surface casing from 0 to 
51 feet.  8⅝‐inch blank steel casing from 0 to 

295 feet.  5½‐inch casing perforated from 285 to 
1,030 feet.  Cement plug set at 1,030 feet.
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

PW1‐1 Test D(4‐9)28caa 746476.5N 1477 1477 760 6" 360‐740 360 1994 Florence Copper
648742.2E

PW2‐1 Test D(4‐9)28dbc 746199.1N 1471 1471.9 640 6" 400‐620 340 1994 Florence Copper
aka: 649536.1E

D(4‐9)28dbd
PW2‐2 Test D(4‐9)28dcb 745543.2N 1464.3 1465.2 800 6" 460‐760 360 1994 Florence Copper

649854.3E
PW7‐1 Test D(4‐9)28cda 745467.9N 1468.6 1468.6 900 6" 540‐880 370 1994 Florence Copper

648823.5E
Airshaft (North Shaft) Shaft D(4‐9)28dbc 746460.4N 1476 NA 706 42"; 0‐700 NA 350 1974 Florence Copper

aka: 649349.8E
D(4‐9)28dbc1

Shaft No. 1 (South Shaft) Shaft D(4‐9)28dbc 746374.9N 1476 NA 730 72"; 0‐715 NA 310 1974 Florence Copper
aka: 649349.5E

D(4‐9)28dbc2
84 Exploration D(4‐9)28add 747250.0N 1480.5 NA 340 3" NA 338 NA Florence Copper

Borehole 651188.0E
BIA 9 Irrigation D(4‐9)28cca 745732.4N 1472.5 1472.5 495 20"; 0‐254 80‐495 NA NA SCIDD

55‐621948 647305.3E 16"; 254‐495
aka:

D(4‐9)28cca2
D(4‐9)28cdb

BIA 10B Irrigation D(4‐9)28cda 745639.3N 1467.12 1468.6 2006 20"; 0‐909 200‐1,909 345 8/15/72 SCIDD
55‐621949 649114.8E 13"; 909‐1,909

aka:
D(4‐9)28cda2

DM‐A Test D(4‐9)28cad 746381.8N 1477.05 1478.7 700 5"; 0‐382 NA 310 NA Florence Copper
aka: 649148.5E

D(4‐9)28cad2
DM‐C Test D(4‐9)28dbd 746384.9N 1471.49 1473.1 610 5"; 0‐358 NA 338 1974 Florence Copper

55‐806520 650185.4E
aka:

D(4‐9)28dbd1
DM‐D Test D(4‐9)28dba 746842.3N 1478.85 1480.1 635 5"; 0‐364 NA 350 NA Florence Copper

aka: 649740.3E
D(4‐9)28dbd

DM‐E Test D(4‐9)28ddb 745516.1N 1465 1464.94 700 5"; 0‐392 NA 342 NA Florence Copper
650741.5E

Pump test conducted 4/20/94 to 5/2/94.

Unable to locate.

Unable to locate.

Well has been plugged off.

Top oil drip.  Sounding tube.  Flow meter 
removed.

Sounding tube.  Drip oil.  Flow meter.  
Plug in side of discharge pipe.

Aquifer test conducted 2/7/94 to 2/14/94.

Aquifer test conducted 3/8/94 to 3/21/94.

Unable to locate.
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

M1‐GL Monitor (POC) D(4‐9)33bac 743800.8N 1461.1 1462.4 365 5"; 0‐365 315‐355 NA 6/17/95 Florence Copper
55‐547617 648501.5E

M2‐GU Monitor (POC) D(4‐9)33bbc 743737.9N 1459 1460.8 265 5"; 0‐258 198‐238 NA 5/25/95 Florence Copper
55‐547814 651658.4E

M3‐GL Monitor (POC) D(4‐9)33bbc 743685.6N 1458.8 1460.74 365 5"; 0‐358.5 298‐338 NA 5/23/95 Florence Copper
55‐547614 651636.8E

M4‐O Monitor (POC) D(4‐9)33bbc 743717.4N 1458.9 1460.6 490 5"; 0‐485 405‐465 370 5/21/95 Florence Copper
55‐547615 651635.2E

M5‐S Monitor D(4‐9)33bbc 743719.5N 1459.1 1460.47 613 5"; 0‐516 516‐576 370 5/18/95 Florence Copper
55‐547616 651685.5E

4"; 516‐597
M6‐GU Monitor (POC) D(4‐9)28bcc 747556.5N 1480.5 1481.72 590 5"; 0‐583 524‐564 NA 3/31/95 Florence Copper

55‐547815 647256.9E

M7‐GL Monitor (POC) D(4‐9)28bcc 747531.7N 1480 1480.95 940 5"; 0‐592 859‐919 NA 4/6/95 Florence Copper
55‐547611 647282.2E

4"; 592‐928
M8‐O Monitor (POC) D(4‐9)28bcc 747523.8N 1479.9 1480.46 1115 5"; 0‐591 1,010‐1,070 950 4/12/95 Florence Copper

55‐547612 647230.4E 4"; 591‐1091
M9‐S Monitor D(4‐9)28bcc 747555.9N 1480.2 1481.18 1578 5"; 0‐502 1,510‐1,570 930 3/23/95 Florence Copper

55‐547613 647207.6E 4"; 502‐1570
M10‐GU Monitor D(4‐9)28dcb 745467.5N 1464.3 1465.77 290 5"; 0‐268 218‐258 NA 5/10/95 Florence Copper

55‐547816 649798.3E
M11‐GL Monitor (POC) D(4‐9)28dcb 745471.7N 1464.6 1466.01 370 5"; 0‐350 290‐330 NA 5/9/95 Florence Copper

55‐547817 649749.8E

M12‐O Monitor D(4‐9)28dcb 745506.1N 1464.3 1465.56 510 5"; 0‐501 420‐480 350 5/6/95 Florence Copper
55‐547818 649798.2E

M13‐S Monitor D(4‐9)28dcb 745507.6N 1464.3 1465.86 943 5"; 0‐931 851‐911 355 4/25/95 Florence Copper
55‐547819 649748.9E

M14‐GL Monitor (POC) D(4‐9)28cbc 746414.7N 1473.2 1474.58 950 5"; 0‐859 778‐838 830 6/2/95 Florence Copper
55‐549172 646961.2E

M15‐GU Monitor (POC) D(4‐9)28cbc 746418.0N 1473.1 1474.01 630 5"; 0‐615 554‐594 NA 6/6/95 Florence Copper
55‐547813 646908.1E

Installed pump at 200 feet;  
Grundfos Model 10S‐10‐15, 1.5 HP, 460V.

1.5‐foot LCS casing stickup.  
Installed pump at 200 feet; 

Grundfos Model 10S‐10‐15, 1.0 HP, 460V
1.5‐foot LCS casing stickup. 
 Installed pump at 200 feet; 

Grundfos Model 10S‐10‐15, 1.0 HP, 460V
1.5‐foot LCS casing stickup.  
Installed pump at 200 feet; 

Grundfos Model 10S‐10‐15, 1.0 HP, 460V
1.5‐foot LCS casing stickup.  
Installed pump at 380 feet; 

Grundfos Model 10S‐15‐21, 1.5 HP, 460V.

1.5‐foot LCS casing stickup.  
 Installed pump at 260 feet;  

Grundfos Model 10S‐10‐15, 1.0 HP, 460V.

1.8‐foot LCS casing stickup.  
Installed pump at 840 feet;  

Grundfos Model 16S‐50‐38, 5.0 HP, 460V.

1.5‐foot LCS casing stickup.  
Installed pump at 260 feet;  

Grundfos Model 10S‐10‐15, 1.0 HP, 460V.

1.5‐foot PVC casing stickup.  
Installed pump at 500 feet;  

Grundfos Model 10S‐20‐27, 2.0 HP, 460V.
1.0‐foot LCS casing stickup. 
 Installed pump at 580 feet; 

Grundfos Model 10S‐50‐58DS, 5.0 HP, 460V.
Installed pump at 580 feet; 

Grundfos Model 7S‐15‐26, 1.5 HP, 460V.

1.5‐foot LCS casing stickup.  
Installed pump at 260 feet; 

Grundfos Model 10S‐10‐15, 1.0 HP, 460V.
1.5‐foot LCS casing stickup.  
Installed pump at 260 feet;  

Grundfos Model 10S‐15‐21, 1.5 HP, 460V.

Installed pump at 1377 feet; 
Grundfos Model 10S‐50‐48DS, 5.0 HP, 460V.

1.5‐foot LCS casing stickup.  
Installed pump at 500 feet; 

Grundfos Model 25S‐20‐26, 2.0 HP, 460V.
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

M16‐GU ® Monitor (POC) D(4‐9)28acc 745068.1N 1467.12 1468.57 680 5 600‐660 NA 12/13/16 Florence Copper
55‐226469 846869.4E

M17‐GL Monitor (POC) D(4‐9)28acc 744976.8N 1465.8 1466.16 1132 5 938‐998 1080 6/18/95 Florence Copper
55‐549141 647017.0E

M18‐GU Monitor (POC) D(4‐9)33bac 743800.8N 1461 1461.75 470 5 178‐218 380 6/18/95 Florence Copper
55‐547809 648501.5E

M19‐LBF Monitor (POC) 55‐555828 747381.5N 1489.3 1490.05 340 6 315‐330 NA 4/9/96 Florence Copper
648971.7E

M20‐O® Monitor (POC) 55‐226473 747374.5N 1488.94 1490.42 510 5 470‐500 355 12/18/16 Florence Copper
848727.2E

M21‐UBF Monitor (POC) 55‐555823 747330.6N 1486.9 1489.52 290 6 240‐280 NA 4/8/96 Florence Copper
648967.0E

M22‐O Monitor (POC) 55‐555831 746467.7N 1473.3 1476.06 1150 4 932‐1130 880 4/11/96 Florence Copper
646962.2E

M23‐UBF Monitor (POC) 55‐555824 746465.7N 1473.3 1475.16 260 6 210‐250 NA 4/13/96 Florence Copper
646899.1E

M24‐O Monitor (POC) 55‐555832 745415.8N 1466.5 1469.29 1282 5 1058‐1259 1000 4/17/96 Florence Copper
647027.5E

M25‐UBF Monitor (POC) D(4‐9)28ccb 745464.6N 1466.6 1469.27 260 6.5 210‐250 NA 4/19/96 Florence Copper
55‐555825 647018.9E

M26‐O Monitor (POC) 55‐555833 747693.9N 1486 1488.41 1120 4 840‐1038 790 4/23/96 Florence Copper
647809.8E

M27‐LBF Monitor (POC) 55‐555827 747695.2N 1486.1 1488.85 455 6 374‐435 NA 4/24/96 Florence Copper
647760.4E

M28‐LBF Monitor (POC) 55‐555834 747746.9N 1486.8 1489.45 760 4 681‐741 NA 4/26/96 Florence Copper
647751.7E

M29‐UBF Monitor (POC) 55‐555830 747748.1N 1487 1489.49 290 6 237‐277 NA 4/28/96 Florence Copper
647819.4E

M30‐O Monitor (POC) 55‐555826 747378.8N 1484.1 1486.36 575 6 387‐555 310 4/30/96 Florence Copper
649939.9E

M31‐LBF Monitor (POC) 55‐556090 747333.4N 1483.4 1475.09 325 6 300‐320 NA 4/10/96 Florence Copper
649978.9E

M32‐UBF Monitor (POC) 55‐556091 746415.2N 1472.7 1475.09 180 6 130‐170 NA 4/30/96 Florence Copper
651458.9E

M33‐UBF Monitor (POC) 55‐556092 747486.5N 1487.9 1490.1 180 6 130‐170 NA 4/15/96 Florence Copper
652645.5E

1.5‐foot LCS casing stickup. 
 Installed pump at 170 feet;  

Grundfos Model 10S‐10‐15, 1.0 HP, 460V.

2.5‐foot LCS casing stickup.  
Installed pump at 340 feet;  

Grundfos Model 10S‐15‐21, 1.5 HP, 460V.
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

O3‐GL Monitor D(4‐9)28cda 745444.3N 1468.1 1469.35 395 5"; 0‐385 325‐365 380 5/11/95 Florence Copper
55‐549153 648922.4E

O5.1‐O Monitor D(4‐9)28dcc 744708.0N 1462.2 1463.44 880 5"; 0‐494 674‐832 360 5/25/95 Florence Copper
55‐549144 649599.8E 4"; 494‐853

O5.2‐O Monitor D(4‐9)28dcc 744701.2N 1462.2 1463.47 880 4"; 0‐792 712‐771 380 5/20/95 Florence Copper
55‐549145 649524.7E

P5‐O Monitor D(4‐9)28dcc 744696.9N 1462.4 1463.8 800 6"; 0‐790 414‐454 322 5/22/95
55‐549147 649499.2E 473‐513

533‐572
592‐632
671‐691
711‐730
750‐770

O8‐O Monitor D(4‐9)28dbb 746903.1N 1479.5 1481.3 610 4"; 0‐599.5 401.5‐579 355 8/26/95 Florence Copper
55‐549164 649393.3E

O8‐GU Monitor D(4‐9)28dbb 746792.7N 1478 1479.8 270 4"; 0‐261 133‐251 NA 8/16/95 Florence Copper
55‐549165 649386.2E

P8.1‐O Monitor D(4‐9)28dbb 746793.4N 1478 1478.8 616 6"; 0‐600 399.5‐580 350 8/14/95 Florence Copper
55‐549166 649403.8E

P8.2‐O Monitor D(4‐9)28dbb 746863.7N 1478.2 1479.7 610 6"; 0‐596.5 396‐576 380 8/23/95 Florence Copper
55‐549166 649289.9E

P8‐GU Monitor D(4‐9)28dbb 746846.8N 1477.7 1479.7 270 6"; 0‐259 128‐248 NA 8/25/95 Florence Copper
55‐549167 649293.5E

O12‐O Monitor D(4‐9)28cdc 744745.6N 1466.5 1469.06 970 4"; 0‐950 434‐929 380 5/18/95 Florence Copper
55‐549169 648411.8E

O12‐GL Monitor D(4‐9)28cdc 744739.9N 1466.2 1468.09 395 5"; 0‐385 325‐365 350 5/11/95 Florence Copper
55‐549170 648436.7E

P12‐O Monitor D(4‐9)28cdc 744708.3N 1466 1467.85 999 6"; 0‐960 440‐940 380 5/9/95 Florence Copper
55‐549171 648473.3E

O13‐O Monitor D(4‐9)28cba 746889.9N 1479.4 1481.48 1440 4"; 0‐1413 770‐1,393 650 8/2/95 Florence Copper
55‐547812 647598.6E

P13.2‐O Monitor D(4‐9)28cba 746807.6N 1479.2 1480.08 1400 6"; 0‐1380 781‐1,379 647 7/27/95 Florence Copper
55‐547810 647653.8E

P13.1‐O Monitor D(4‐9)28cba 746799.4N 1478.5 1479.97 1475 6"; 0‐1449 772‐1,449 720 7/16/95 Florence Copper
55‐547808 647551.2E

P13‐GL Monitor D(4‐9)28cba 746802.3N 1477.4 1479.29 770 6"; 0‐760 690‐760 NA 8/11/95 Florence Copper
55‐547811 647400.1E

O15‐O Monitor D(4‐9)28cca 745376.9N 1467.5 1468.69 1330 4"; 0‐1,315 632‐1,296 553 7/1/95 Florence Copper
55‐549160 647508.4E

1.5‐foot LCS casing stickup.

1.5‐foot LCS casing stickup.

1.5‐foot LCS casing stickup.

1.5‐foot PVC casing stickup.Florence Copper

1.5‐foot LCS casing stickup.  
Aquifer test performed 9/95.

1.6‐foot LCS casing stickup.  
Aquifer test performed 6/95, 8/95, 9/95.

1.5‐foot LCS casing stickup.

1.5‐foot LCS casing stickup.

1.6‐foot LCS casing stickup.  
Aquifer test performed 6/95, 8/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 9/95.

1.5‐foot LCS casing stickup.

Aquifer test performed 8/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 9/95.

2.0‐foot LCS casing stickup.  
Aquifer test performed 6/95, 8/95, 9/95.

.81‐foot LCS casing stickup.  
Aquifer test performed 6/95, 8/95, 9/95.
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Well ID* Well Type
Location/

ADWR No.**

Location 
Coordinates 
(Northing 
Easting)

Land 
Elevation 
(feet)a

Reference 
Point 

Elevation 
(feet)a

Total 
Depth 
(feet)b

Casing Diameter, 
Depth

(inches; feet bgs)

Screened 
Interval  
(feet)b

Top of 
Bedrock 
(feet)b

Date 
Installed Well Owner Condition/Remarks

P15‐O Monitor D(4‐9)28cca 745428.6N 1468 1469.32 1380 6"; 0‐1321 580‐1300 485 6/20/95 Florence Copper
55‐549158 647596.4E

P15‐GL Monitor D(4‐9)28cca 745437.8N 1467.5 1468.61 500 6"; 0‐491 421‐481 NA 7/3/95 Florence Copper
55‐549161 647505.2E

O19‐O Monitor D(4‐9)28bdc 747350.4N 1482.7 1483.69 630 4"; 0‐627 410‐608 400 6/7/95 Florence Copper
55‐549149 648359.5E

O19‐GL Monitor (POC) D(4‐9)28bdc 747359.3N 1481.7 1483.28 460 5"; 0‐455 375‐435 NA 6/14/95 Florence Copper
55‐549150 648233.6E

P19.1‐O Test (POC) D(4‐9)28bdc 747345.8N 1483 1484.72 680 6"; 0‐621 402‐600 355 6/4/95 Florence Copper
55‐549151 648427.9E

P19.2‐O Monitor D(4‐9)28bdc 747413.6N 1482.6 1484.23 630 6"; 0‐622 404‐602 420 6/8/95 Florence Copper
55‐549152 648397.1E

O28‐GL Monitor D(4‐9)28ddb 745592.7N 1464.8 1465.66 320 4"; 0‐307 277‐307 NA 7/4/95 Florence Copper
55‐547805 650966.7E

O28.1‐O Monitor D(4‐9)28ddb 745652.0N 1464.6 1465.76 530 4"; 0‐514 395‐494 350 6/21/95 Florence Copper
55‐547803 651027.9E

O28.2‐S Monitor D(4‐9)28ddb 745621.1N 1464.8 1465.54 510 4"; 0‐495 454‐494 340 6/19/95 Florence Copper
55‐547804 651123.9E

P28‐GL Monitor D(4‐9)28ddb 745535.8N 1465 1466.48 320 5"; 0‐309 279‐309 NA 6/30/95 Florence Copper
55‐547807 651085.7E

P28.1‐O Monitor D(4‐9)28ddb 745558.5N 1464.9 1466.48 520 6"; 0‐509 399‐499 360 7/2/95 Florence Copper
55‐547802 650998.3E

P28.2‐O Monitor D(4‐9)28ddb 745516.2N 1465.4 1466.68 519 6"; 0‐507 398‐497 335 6/29/95 Florence Copper
55‐547806 651118.2E

O39‐O Monitor D(4‐9)28bcd 744220.5N 1463.1 1464.29 916 5"; 0‐910 474‐890 400 5/7/95 Florence Copper
55‐549174 649098.1E

P39‐O Monitor D(4‐9)28bcd 744102.5N 1461.7 1462.85 915 6"; 0‐847 471‐826 380 5/10/95 Florence Copper
55‐549176 649102.7E

O49‐O Monitor D(4‐9)33bba 744195.3N 1461.8 1462.69 1280 4"; 0‐1247 832‐1227.5 810 6/6/95 Florence Copper
549179 647517.2E

O49‐GL Monitor (POC) D(4‐9)33bba 744193.9N 1461.2 1462.08 740 5"; 0‐730 661‐721 NA 6/15/95 Florence Copper
55‐549180 647477.4E

P49‐O Test (POC) 55‐549181 744202.7N 1461.8 1463.12 1288 6"; 0‐1242.5 808‐1222 740 5/24/95 Florence Copper
647611.9E

a Feet above mean sea level (amsl)
b Feet below ground surface (bgs)

NA ‐ Not Available

POC ‐ Point of Compliance

SCIDD ‐ San Carlos Irrigation and Drainage District

*    The well ID listed first identifies the well name most commonly used with respect to documentation and well recognition.  Any other names found for a particular well are also listed as a reference.

1.5‐foot LCS casing stickup.  
Aquifer test performed 8/95, 9/95.

1.6‐foot LCS casing stickup.  
Aquifer test performed 5/95.

**   The correct well identification is based on location and is listed first followed by all other numbers referenced to that well as found in various reports and documents.

2.0‐foot PVC casing stickup.  
Aquifer test performed 5/95.

3.0‐foot PVC casing stickup.  
Aquifer test performed 7/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 7/95, 9/95.

2.0‐foot LCS casing stickup.  
Aquifer test performed 7/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 7/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 8/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 8/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 8/95, 9/95.

1.5‐foot LCS casing stickup.  
Aquifer test performed 8/95, 9/95.

1‐foot PVC casing stickup.

1.1‐foot PVC casing stickup.

.9‐foot LCS casing stickup.

Aquifer test performed 8/95, 9/95.

Aquifer test performed 8/95, 9/95.

1.5‐foot LCS casing stickup. 
 Aquifer test performed 8/95, 9/95.
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TABLE A‐8
OPEN COREHOLES THAT PENETRATE THE PROPOSED INJECTION ZONE
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 1 of 7

Easting Northing
5 647924.8 747835.4 1,487.9 1,644.0 Exploration ‐ Conoco
46 649680.3 747285.0 1,481.2 700.0 Exploration ‐ Conoco
137 647946.3 747250.4 1,482.1 664.0 Exploration ‐ Conoco
138 648693.8 747247.9 1,483.2 863.0 Exploration ‐ Conoco
144 649201.2 747249.5 1,483.2 632.0 Exploration ‐ Conoco
151 647181.1 747252.3 1,477.9 1,547.0 Exploration ‐ Conoco
152 650196.1 747247.1 1,482.3 710.0 Exploration ‐ Conoco
153 648196.5 747258.4 1,482.2 1,204.0 Exploration ‐ Conoco
210 647226.6 747891.1 1,484.0 1,382.0 Exploration ‐ Conoco
260 649816.1 746165.5 1,472.9 1,410.5 Exploration ‐ Conoco
316 648379.1 747253.6 1,482.8 762.0 Exploration ‐ Conoco
362 649446.4 747250.9 1,482.8 330.0 Exploration ‐ Conoco
363 649571.4 747467.4 1,483.8 330.0 Exploration ‐ Conoco
364 649946.4 747250.9 1,482.4 320.0 Exploration ‐ Conoco

100MF 648446.9 744221.4 1,464.0 2,146.0 Exploration ‐ Conoco
102MF 648697.7 744653.9 1,466.3 2,454.0 Exploration ‐ Conoco
103MF 648696.6 745433.9 1,470.0 2,215.0 Exploration ‐ Conoco
105MF 649196.4 745518.9 1,467.5 2,264.0 Exploration ‐ Conoco
106MF 649196.8 744653.1 1,464.0 2,382.0 Exploration ‐ Conoco
107MF 649447.6 744218.1 1,460.6 1,569.0 Exploration ‐ Conoco
108MF 649932.3 745085.8 1,463.1 1,994.5 Exploration ‐ Conoco
109MF 647449.6 744221.0 1,461.8 1,847.0 Exploration ‐ Conoco
110S 647445.6 746819.6 1,478.1 1,738.0 Exploration ‐ Conoco
11PB 650320.0 745430.0 1,468.0 525.0 Exploration ‐ Conoco
123MF 649196.4 743786.7 1,460.5 1,337.0 Exploration ‐ Conoco
124MF 650191.2 745507.8 1,465.1 1,607.0 Exploration ‐ Conoco
125MF 647201.1 744647.7 1,464.3 2,115.0 Exploration ‐ Conoco
126MF 647204.9 745516.2 1,467.9 2,004.0 Exploration ‐ Conoco
127MF 647700.6 743782.1 1,460.2 1,954.0 Exploration ‐ Conoco
128MF 647702.0 747253.2 1,484.2 1,666.0 Exploration ‐ Conoco
129S 648719.8 746378.6 1,478.0 2,260.0 Exploration ‐ Conoco
131MF 651191.8 745513.8 1,465.3 864.0 Exploration ‐ Conoco
132MF 649449.4 745084.0 1,464.7 2,280.0 Exploration ‐ Conoco
134MF 647704.4 744648.9 1,466.1 2,098.0 Exploration ‐ Conoco
136S 648452.5 746812.0 1,480.2 1,448.0 Exploration ‐ Conoco
139S 649198.5 746381.8 1,477.1 2,086.0 Exploration ‐ Conoco
140S 649693.1 746382.2 1,473.8 1,289.0 Exploration ‐ Conoco
141S 650929.9 746873.2 1,477.3 763.0 Exploration ‐ Conoco
142MF 650198.0 744663.8 1,461.6 1,897.0 Exploration ‐ Conoco
146MF 650943.9 745143.3 1,465.4 940.0 Exploration ‐ Conoco
147MF 650441.3 744214.4 1,458.9 723.0 Exploration ‐ Conoco
148MF 649699.8 743784.3 1,458.2 1,021.0 Exploration ‐ Conoco
150S 647186.3 746383.3 1,474.6 2,050.0 Exploration ‐ Conoco
154S 650694.2 746382.8 1,473.4 1,073.0 Exploration ‐ Conoco
155S 651203.3 746379.2 1,476.2 1,378.0 Exploration ‐ Conoco
156S 649948.4 746812.4 1,480.4 955.0 Exploration ‐ Conoco
165MF 647199.8 743783.8 1,458.0 2,088.0 Exploration ‐ Conoco

Corehole ID
Location Coordinates Collar Elevation 

(feet amsl)
Total Depth 
(feet bgs)

Corehole Type ‐ Responsible 
Company
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Easting Northing
Corehole ID

Location Coordinates Collar Elevation 
(feet amsl)

Total Depth 
(feet bgs)

Corehole Type ‐ Responsible 
Company

171MF 647448.8 745082.9 1,467.2 2,044.0 Exploration ‐ Conoco
172MF 646943.7 745087.3 1,464.9 2,174.0 Exploration ‐ Conoco
175MF 646701.4 745510.6 1,465.4 1,260.0 Exploration ‐ Conoco
18S 648946.4 745951.9 1,472.6 2,066.0 Exploration ‐ Conoco
254S 649324.5 746599.5 1,478.7 1,674.0 Exploration ‐ Conoco
255S 649442.9 746815.8 1,478.2 1,235.0 Exploration ‐ Conoco
256S 649445.6 746381.6 1,474.0 1,667.0 Exploration ‐ Conoco
257S 649325.4 746163.8 1,474.7 1,858.0 Exploration ‐ Conoco
258S 650069.0 746598.8 1,476.1 1,261.0 Exploration ‐ Conoco
259S 649941.4 746380.3 1,474.0 1,179.0 Exploration ‐ Conoco
261S 649570.1 746164.1 1,472.2 1,625.0 Exploration ‐ Conoco
262S 650195.3 745954.4 1,469.1 1,132.5 Exploration ‐ Conoco
263MF 649821.6 745734.6 1,465.9 1,510.0 Exploration ‐ Conoco
264MF 649944.0 745519.7 1,464.8 1,725.0 Exploration ‐ Conoco
265MF 650073.3 745301.4 1,465.1 1,664.5 Exploration ‐ Conoco
266S 649696.6 745951.7 1,469.7 1,540.0 Exploration ‐ Conoco
267S 650573.0 745733.8 1,465.4 1,163.3 Exploration ‐ Conoco
268MF 650322.6 745735.9 1,465.0 1,180.0 Exploration ‐ Conoco
269S 651192.6 745954.9 1,469.4 1,106.0 Exploration ‐ Conoco
279S 649821.0 746598.4 1,477.0 1,393.0 Exploration ‐ Conoco
280S 649571.3 746600.0 1,476.1 1,463.0 Exploration ‐ Conoco
282S 650080.0 746091.8 1,470.8 1,289.0 Exploration ‐ Conoco
326S 650946.4 746384.9 1,473.3 1,117.0 Exploration ‐ Conoco
327S 650821.4 746601.4 1,475.0 879.0 Exploration ‐ Conoco
328S 650571.4 746601.4 1,477.0 1,066.5 Exploration ‐ Conoco
329S 650446.4 746384.9 1,474.0 1,021.0 Exploration ‐ Conoco
32MF 649007.3 744429.1 1,464.3 2,732.0 Exploration ‐ Conoco
330S 650581.1 746182.3 1,472.9 1,083.0 Exploration ‐ Conoco
331S 651321.4 746168.4 1,473.0 698.0 Exploration ‐ Conoco
333S 650821.4 746168.4 1,472.8 1,049.5 Exploration ‐ Conoco
334S 651071.4 746168.4 1,473.0 1,058.0 Exploration ‐ Conoco
335S 651196.4 746817.9 1,477.4 855.0 Exploration ‐ Conoco
336S 651071.4 746601.4 1,476.7 769.0 Exploration ‐ Conoco
339S 651071.4 747034.4 1,478.9 729.0 Exploration ‐ Conoco
33S 650131.7 746295.1 1,472.4 1,468.0 Exploration ‐ Conoco
340S 650821.4 747034.4 1,478.0 938.9 Exploration ‐ Conoco
341S 650571.4 747034.4 1,477.7 694.0 Exploration ‐ Conoco
342S 650321.4 747034.4 1,480.0 648.8 Exploration ‐ Conoco
343S 650071.4 747034.4 1,480.6 872.5 Exploration ‐ Conoco
344S 650696.4 746817.9 1,475.0 613.0 Exploration ‐ Conoco
345S 649821.4 747034.4 1,479.8 1,034.0 Exploration ‐ Conoco
346S 649571.4 747034.4 1,478.4 832.0 Exploration ‐ Conoco
347S 649321.4 747034.4 1,482.1 905.0 Exploration ‐ Conoco
348S 649071.4 747034.4 1,484.7 1,114.0 Exploration ‐ Conoco
349S 649196.4 746817.9 1,479.3 1,537.0 Exploration ‐ Conoco
350S 649071.4 746601.4 1,481.2 1,586.0 Exploration ‐ Conoco
351S 648821.4 747034.4 1,483.9 1,088.5 Exploration ‐ Conoco
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Easting Northing
Corehole ID

Location Coordinates Collar Elevation 
(feet amsl)

Total Depth 
(feet bgs)

Corehole Type ‐ Responsible 
Company

352S 648821.4 746601.4 1,477.9 2,080.0 Exploration ‐ Conoco
353S 648571.4 747024.5 1,482.0 1,082.5 Exploration ‐ Conoco
354S 648321.4 747034.4 1,481.2 1,193.5 Exploration ‐ Conoco
355S 648196.4 746817.9 1,479.6 1,606.0 Exploration ‐ Conoco
358S 648571.4 746168.4 1,477.7 2,449.0 Exploration ‐ Conoco
359S 648696.4 745951.9 1,473.0 2,689.0 Exploration ‐ Conoco
360S 648821.4 746168.4 1,473.6 2,344.0 Exploration ‐ Conoco
361S 648946.4 746384.9 1,478.5 2,237.0 Exploration ‐ Conoco
365S 650321.4 746601.4 1,479.3 1,299.0 Exploration ‐ Conoco
370S 649071.4 746168.4 1,473.9 2,206.0 Exploration ‐ Conoco
371S 649196.4 745951.9 1,472.6 2,075.2 Exploration ‐ Conoco
372S 650294.3 746212.6 1,472.5 1,215.0 Exploration ‐ Conoco
373MF 649571.4 745735.4 1,466.5 1,829.0 Exploration ‐ Conoco
379MF 650821.4 744869.4 1,461.9 350.0 Exploration ‐ Conoco
380MF 650571.4 744869.4 1,461.9 1,302.0 Exploration ‐ Conoco
381MF 650321.4 744869.4 1,461.7 1,710.0 Exploration ‐ Conoco
382MF 650071.4 744869.4 1,461.6 1,829.0 Exploration ‐ Conoco
383MF 650321.4 745302.4 1,465.5 1,449.0 Exploration ‐ Conoco
384MF 650571.4 745302.4 1,465.3 1,218.0 Exploration ‐ Conoco
385MF 650821.4 745302.4 1,465.6 973.0 Exploration ‐ Conoco
387MF 650946.4 745518.9 1,465.3 1,076.0 Exploration ‐ Conoco
388MF 651071.4 745685.4 1,465.4 1,078.5 Exploration ‐ Conoco
389MF 649321.4 744436.4 1,462.4 2,446.9 Exploration ‐ Conoco
390MF 649571.4 744436.4 1,461.4 1,702.0 Exploration ‐ Conoco
391MF 649821.4 744436.4 1,460.4 1,763.0 Exploration ‐ Conoco
392MF 650071.4 744436.4 1,461.7 1,674.3 Exploration ‐ Conoco
393MF 650321.4 744436.4 1,462.4 1,537.0 Exploration ‐ Conoco
394MF 650446.4 744652.9 1,461.5 1,652.0 Exploration ‐ Conoco
395MF 650696.4 745085.9 1,461.8 1,517.0 Exploration ‐ Conoco
396MF 651321.4 745685.4 1,465.3 807.6 Exploration ‐ Conoco
397MF 648946.4 745518.9 1,468.6 350.0 Exploration ‐ Conoco
398MF 649446.4 745518.9 1,466.1 2,201.0 Exploration ‐ Conoco
399MF 649071.4 745685.4 1,467.7 2,240.0 Exploration ‐ Conoco
400MF 649321.4 745685.4 1,467.2 2,094.5 Exploration ‐ Conoco
401MF 650071.4 745685.4 1,465.1 1,254.0 Exploration ‐ Conoco
402MF 650446.4 745518.9 1,465.5 1,230.0 Exploration ‐ Conoco
403MF 650821.4 745685.4 1,466.0 1,120.5 Exploration ‐ Conoco
404S 650196.4 746817.9 1,480.3 947.0 Exploration ‐ Conoco
405S 650696.4 745951.9 1,471.9 1,163.0 Exploration ‐ Conoco
407MF 648821.4 745302.4 1,468.3 370.0 Exploration ‐ Conoco
408MF 649071.4 745302.4 1,467.2 370.0 Exploration ‐ Conoco
409MF 649321.4 745302.4 1,466.3 2,304.0 Exploration ‐ Conoco
410MF 649571.4 745302.4 1,465.0 2,185.0 Exploration ‐ Conoco
411MF 649821.4 745302.4 1,463.9 1,935.0 Exploration ‐ Conoco
412MF 649696.4 745085.9 1,463.8 2,329.0 Exploration ‐ Conoco
413MF 650196.4 745085.9 1,461.9 1,685.0 Exploration ‐ Conoco
416S 648571.4 746601.4 1,482.8 2,088.0 Exploration ‐ Conoco
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417S 648071.4 747034.4 1,481.1 1,271.0 Exploration ‐ Conoco
418MF 648734.1 745704.2 1,468.0 355.0 Exploration ‐ Conoco
420S 648696.4 746817.9 1,481.9 1,662.0 Exploration ‐ Conoco
422MF 649196.4 745085.9 1,466.0 2,647.0 Exploration ‐ Conoco
424MF 648571.4 744869.4 1,467.2 375.0 Exploration ‐ Conoco
428MF 649696.4 744219.9 1,460.2 1,958.5 Exploration ‐ Conoco
429MF 649571.4 744003.3 1,460.0 1,751.0 Exploration ‐ Conoco
430MF 649446.4 743786.8 1,459.3 1,545.0 Exploration ‐ Conoco
431MF 649571.4 744869.4 1,463.6 2,242.0 Exploration ‐ Conoco
432MF 649821.4 744869.4 1,462.5 1,922.0 Exploration ‐ Conoco
433MF 648946.4 744219.9 1,463.3 2,251.0 Exploration ‐ Conoco
435MF 649446.4 744652.9 1,462.7 2,082.0 Exploration ‐ Conoco
436MF 649946.4 744652.9 1,461.5 1,752.0 Exploration ‐ Conoco
437MF 648323.3 745381.6 1,472.3 365.0 Exploration ‐ Conoco
439S 647826.1 747029.6 1,480.8 585.0 Exploration ‐ Conoco
440S 647576.1 747029.6 1,481.1 680.0 Exploration ‐ Conoco
441S 647326.1 747029.6 1,480.8 833.0 Exploration ‐ Conoco
442S 647076.1 747029.6 1,475.7 823.0 Exploration ‐ Conoco
443S 646826.1 747029.6 1,475.4 1,100.0 Exploration ‐ Conoco
445S 647201.1 746813.1 1,477.5 870.0 Exploration ‐ Conoco
446S 647701.1 746813.1 1,479.5 620.0 Exploration ‐ Conoco
449S 647326.1 746596.1 1,475.8 920.0 Exploration ‐ Conoco
450S 647076.1 746596.1 1,473.9 1,045.0 Exploration ‐ Conoco
451S 646826.1 746596.1 1,473.0 1,025.0 Exploration ‐ Conoco
452S 646951.1 746380.1 1,472.4 980.0 Exploration ‐ Conoco
457S 647076.1 746163.6 1,471.5 943.0 Exploration ‐ Conoco
458S 647201.1 745947.1 1,471.5 876.0 Exploration ‐ Conoco
45S 649025.8 746833.8 1,482.9 1,464.0 Exploration ‐ Conoco

464MF 647446.4 745518.9 1,468.8 594.0 Exploration ‐ Conoco
466MF 648076.1 745297.6 1,471.5 350.0 Exploration ‐ Conoco
467MF 647821.4 745302.4 1,469.5 370.0 Exploration ‐ Conoco
468MF 647571.4 745302.4 1,468.3 495.0 Exploration ‐ Conoco
469MF 647321.4 745302.4 1,467.1 780.0 Exploration ‐ Conoco
470MF 647071.4 745302.4 1,466.2 945.0 Exploration ‐ Conoco
471MF 647196.4 745085.9 1,465.7 850.0 Exploration ‐ Conoco
472MF 647696.4 745085.9 1,468.0 594.0 Exploration ‐ Conoco
473MF 648196.4 745085.9 1,469.4 380.0 Exploration ‐ Conoco
474MF 648321.4 744869.4 1,468.4 380.0 Exploration ‐ Conoco
475MF 648071.4 744869.4 1,468.6 380.0 Exploration ‐ Conoco
476MF 647821.4 744869.4 1,467.7 474.0 Exploration ‐ Conoco
477MF 647571.4 744869.4 1,466.4 700.0 Exploration ‐ Conoco
478MF 647321.4 744869.4 1,465.3 900.0 Exploration ‐ Conoco
479MF 647446.4 744652.9 1,465.0 2,165.0 Exploration ‐ Conoco
47S 649690.3 746842.3 1,478.9 1,092.0 Exploration ‐ Conoco

480MF 647946.4 744652.9 1,467.0 455.0 Exploration ‐ Conoco
481MF 648446.4 744652.9 1,466.6 380.0 Exploration ‐ Conoco
482MF 648821.4 744386.4 1,464.1 400.0 Exploration ‐ Conoco
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483MF 648571.4 744436.3 1,464.7 380.0 Exploration ‐ Conoco
484MF 648321.4 744436.3 1,465.1 385.0 Exploration ‐ Conoco
485MF 648071.4 744436.3 1,465.3 495.0 Exploration ‐ Conoco
486MF 647821.4 744436.3 1,465.1 580.0 Exploration ‐ Conoco
487MF 647571.4 744436.3 1,463.7 1,964.0 Exploration ‐ Conoco
488MF 647321.4 744436.3 1,462.8 2,075.0 Exploration ‐ Conoco
489MF 647196.4 744219.8 1,460.7 2,122.0 Exploration ‐ Conoco
48MF 648904.2 745039.6 1,467.1 2,621.0 Exploration ‐ Conoco
490MF 647696.4 744219.8 1,462.7 2,013.0 Exploration ‐ Conoco
491MF 648196.4 744219.8 1,463.7 395.0 Exploration ‐ Conoco
492MF 648696.4 744219.8 1,463.4 390.0 Exploration ‐ Conoco
493MF 649196.4 744219.8 1,462.0 1,762.0 Exploration ‐ Conoco
494MF 649321.4 744003.3 1,460.4 2,427.0 Exploration ‐ Conoco
495MF 649071.4 744003.3 1,461.8 1,812.0 Exploration ‐ Conoco
496MF 648821.4 744003.3 1,462.0 390.0 Exploration ‐ Conoco
497MF 648571.4 744003.3 1,462.1 380.0 Exploration ‐ Conoco
498MF 648321.4 744003.3 1,462.1 400.0 Exploration ‐ Conoco
499MF 648071.4 744003.3 1,462.3 520.0 Exploration ‐ Conoco
500MF 647821.4 744003.3 1,462.0 2,062.0 Exploration ‐ Conoco
501MF 647571.4 744003.3 1,460.9 1,295.0 Exploration ‐ Conoco
502MF 647321.4 744003.3 1,459.6 1,858.0 Exploration ‐ Conoco
503MF 647446.4 743786.8 1,458.9 1,899.5 Exploration ‐ Conoco
504MF 647946.4 743786.8 1,460.5 1,910.0 Exploration ‐ Conoco
505MF 648446.4 743786.8 1,460.6 400.0 Exploration ‐ Conoco
506MF 648946.4 743786.8 1,460.6 1,961.0 Exploration ‐ Conoco
507MF 649071.4 743570.3 1,456.8 1,857.0 Exploration ‐ Conoco
508MF 648821.4 743570.3 1,459.8 1,910.0 Exploration ‐ Conoco
509MF 648571.4 743570.3 1,460.1 1,873.0 Exploration ‐ Conoco
510MF 648321.4 743570.3 1,459.8 1,822.0 Exploration ‐ Conoco
511MF 648071.4 743570.3 1,459.4 1,856.0 Exploration ‐ Conoco
512MF 647821.4 743570.3 1,459.2 1,859.0 Exploration ‐ Conoco
513MF 647571.4 743570.3 1,458.6 1,763.5 Exploration ‐ Conoco
516MF 647321.4 743570.0 1,457.6 1,798.0 Exploration ‐ Conoco
518MF 647071.0 744436.0 1,461.2 2,061.0 Exploration ‐ Conoco
51S 646939.4 746071.6 1,470.9 2,635.0 Exploration ‐ Conoco
52S 650431.9 746847.1 1,476.9 1,010.0 Exploration ‐ Conoco
55MF 647942.5 744220.1 1,463.8 1,763.0 Exploration ‐ Conoco
56MF 650447.6 745139.6 1,465.6 1,254.0 Exploration ‐ Conoco
58MF 649938.1 744211.6 1,459.4 1,560.0 Exploration ‐ Conoco
60MF 648696.2 743788.8 1,461.7 2,120.0 Exploration ‐ Conoco
62MF 649695.3 745519.5 1,465.5 2,237.0 Exploration ‐ Conoco
67S 649445.2 746046.1 1,472.7 1,829.0 Exploration ‐ Conoco
68MF 649704.0 744661.6 1,462.4 2,257.0 Exploration ‐ Conoco
69MF 650695.1 744647.3 1,462.5 1,390.0 Exploration ‐ Conoco
6S 650922.4 746292.3 1,472.9 658.0 Exploration ‐ Conoco

70MF 650691.5 745516.1 1,465.0 1,227.0 Exploration ‐ Conoco
80S 646944.9 746813.4 1,475.0 1,930.0 Exploration ‐ Conoco
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86MF 647945.9 745088.1 1,469.5 2,259.0 Exploration ‐ Conoco
91S 650941.9 745952.0 1,470.5 1,202.0 Exploration ‐ Conoco
92S 650443.9 745951.6 1,469.6 1,256.0 Exploration ‐ Conoco
92SA 650406.2 746047.4 1,467.6 788.0 Exploration ‐ Conoco
93S 649945.7 745951.3 1,468.4 1,285.0 Exploration ‐ Conoco
96S 647945.6 746872.7 1,480.0 1,473.0 Exploration ‐ Conoco
97MF 648197.3 743788.6 1,461.0 1,855.0 Exploration ‐ Conoco
98MF 648196.6 744653.4 1,467.0 2,280.0 Exploration ‐ Conoco
99MF 648446.7 745087.5 1,469.0 2,441.0 Exploration ‐ Conoco

MCC367 648319.0 746174.0 1,475.7 941.0 Exploration ‐ Magma
MCC368 648196.4 745951.9 1,475.2 1,044.0 Exploration ‐ Magma
MCC369 648567.5 745739.7 1,472.5 882.0 Exploration ‐ Magma
MCC397A 648949.4 745518.9 1,468.6 1,042.0 Exploration ‐ Magma
MCC406 648571.4 745302.4 1,469.5 966.0 Exploration ‐ Magma
MCC407A 648821.4 745302.4 1,468.3 1,019.0 Exploration ‐ Magma
MCC418A 648737.1 745704.2 1,468.0 906.0 Exploration ‐ Magma
MCC419 648446.4 745518.9 1,472.6 1,014.0 Exploration ‐ Magma
MCC421 648271.4 745699.7 1,469.6 1,039.0 Exploration ‐ Magma
MCC423 648696.4 745085.9 1,468.2 973.0 Exploration ‐ Magma
MCC425 648821.4 744869.4 1,466.8 993.0 Exploration ‐ Magma
MCC426 649071.4 744869.4 1,465.6 979.0 Exploration ‐ Magma
MCC427 649321.4 744869.4 1,464.2 833.0 Exploration ‐ Magma
MCC434 648946.4 744652.9 1,465.4 879.0 Exploration ‐ Magma
MCC519 649990.0 746228.0 1,471.9 950.0 Exploration ‐ Magma
MCC521 647133.0 746498.3 1,470.0 1,600.0 Exploration ‐ Magma
MCC522 647718.0 745558.0 1,466.0 1,380.0 Exploration ‐ Magma
MCC523 648476.2 746502.3 1,478.8 690.0 Exploration ‐ Magma
MCC524 649018.0 745311.0 1,467.0 1,034.0 Exploration ‐ Magma
MCC525 647939.0 746167.0 1,476.0 1,212.0 Exploration ‐ Magma
MCC526 649215.8 746508.2 1,478.4 770.0 Exploration ‐ Magma
MCC527 649798.2 745956.2 1,470.5 842.0 Exploration ‐ Magma
MCC530 647432.0 744685.0 1,466.0 1,268.0 Exploration ‐ Magma
MCC531 649696.0 745517.0 1,465.0 800.0 Exploration ‐ Magma
MCC532 648696.0 744653.0 1,464.0 979.0 Exploration ‐ Magma
MCC533 648327.8 745542.3 1,472.6 1,074.0 Exploration ‐ Magma
MCC534 649394.4 745022.4 1,464.1 900.0 Exploration ‐ Magma
MCC535 647744.1 745696.4 1,471.8 1,279.0 Exploration ‐ Magma
MCC536 647979.8 745705.3 1,472.2 1,162.0 Exploration ‐ Magma
MCC537 648068.2 745393.8 1,471.7 1,207.0 Exploration ‐ Magma
MCC538 648063.3 745523.5 1,472.1 1,169.0 Exploration ‐ Magma
MCC539 647470.7 745523.7 1,468.3 1,537.0 Exploration ‐ Magma
MCC540 648178.9 745113.8 1,468.6 1,176.0 Exploration ‐ Magma
MCC541 648465.9 744445.9 1,464.0 1,031.0 Exploration ‐ Magma
MCC542 647864.4 747062.6 1,481.0 1,203.0 Exploration ‐ Magma
MCC543 647695.8 746816.1 1,479.2 1,393.0 Exploration ‐ Magma
MCC545 647675.4 746157.6 1,474.0 1,370.0 Exploration ‐ Magma
MCC546 647829.3 746598.8 1,477.0 1,152.0 Exploration ‐ Magma
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MCC546A 647838.8 746607.0 1,477.1 1,437.0 Exploration ‐ Magma
MCC547 647753.9 745346.4 1,468.7 1,500.0 Exploration ‐ Magma
MCC548 647695.6 745132.6 1,467.5 1,501.0 Exploration ‐ Magma
MCC549 648256.0 745398.4 1,471.8 1,180.0 Exploration ‐ Magma
MCC550 648045.5 744902.1 1,467.8 1,175.0 Exploration ‐ Magma
MCC551 648295.6 744887.7 1,467.5 1,075.0 Exploration ‐ Magma
MCC552 647986.1 744485.9 1,464.9 1,212.0 Exploration ‐ Magma
MCC553 647904.4 744689.3 1,466.5 1,249.0 Exploration ‐ Magma
MCC554 648712.9 744437.2 1,464.0 918.0 Exploration ‐ Magma
MCC555 648537.8 744872.3 1,464.7 1,060.0 Exploration ‐ Magma
MCC556 648221.9 744471.9 1,464.7 1,073.5 Exploration ‐ Magma
MCC557 648182.3 744265.5 1,463.4 1,062.0 Exploration ‐ Magma
MCC558 648678.4 744250.4 1,464.3 1,025.0 Exploration ‐ Magma
MCC559 648065.7 744012.0 1,461.8 969.0 Exploration ‐ Magma
MCC560 648347.8 744027.5 1,461.7 920.0 Exploration ‐ Magma
MCC561 647558.2 745729.9 1,471.1 1,480.0 Exploration ‐ Magma
MCC562 647526.9 745308.8 1,467.5 1,479.0 Exploration ‐ Magma
MCC563 647790.9 744855.8 1,466.3 1,319.5 Exploration ‐ Magma
MCC564 648566.3 744007.8 1,461.8 937.0 Exploration ‐ Magma
MCC565 647672.5 744430.4 1,463.2 1,276.0 Exploration ‐ Magma
MCC566 648813.4 744008.1 1,461.5 917.0 Exploration ‐ Magma
MCC567 648450.0 743799.3 1,460.6 908.0 Exploration ‐ Magma
MCC568 647158.8 745643.5 1,467.2 1,800.0 Exploration ‐ Magma
MCC569 647315.6 746203.8 1,473.1 1,663.0 Exploration ‐ Magma
MCC570 647056.3 745304.3 1,465.6 530.0 Exploration ‐ Magma
MCC570A 647050.1 745304.0 1,465.7 1,557.5 Exploration ‐ Magma

amsl = above mean sea level
bgs = below ground surface
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TABLE A‐9
LIST OF LAND OWNERS WITHIN 1/4 MILE OF THE FCP SITE
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Assessor Parcel Number First Owner Second Owner Propery Address Mailing Address City State Zip Parcel SizE

20038003A UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 191.51 Vacant Land / Non‐Profit Imp
20031019D UNITED METRO MATERIALS INC 1501 BELVEDERE RD WEST PALM BEACH FL 33406 197 Vacant Land / Non‐Profit Imp
20037013B UNITED METRO MATERIALS INC 17685 N TANNER RD FLORENCE, AZ 85132 1501 BELVEDERE RD WEST PALM BEACH FL 33406 90 Vacant Land / Non‐Profit Imp
200380050 UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 48.48 Vacant Land / Non‐Profit Imp
20037002E MISSION MATERIALS COMPANY C/O REAL ESTATE DEPARTMENT 1000 KIEWIT PLAZA OMAHA NE 68131 122.94 Vacant Land / Non‐Profit Imp
20037013B UNITED METRO MATERIALS INC 17685 N TANNER RD FLORENCE, AZ 85132 1501 BELVEDERE RD WEST PALM BEACH FL 33406 90 Vacant Land / Non‐Profit Imp
20037002H UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 9.32 Vacant Land / Non‐Profit Imp
20037002K GRANDIS LAND HOLDING LLC 1906 TOWNE CENTRE BLVD UNIT 370 ANNAPOLIS MD 21401 193.53 Commercial / Real and Improvements
20037013A SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 70 Agriculture
200370010 SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 79.72 Agriculture
20035006A SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 60 Agriculture
20035006B SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 20 Agriculture
20035003
20035007
20035002B SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 22 Agriculture
21101010A PULTE HOME CORPORATION 16767 N PERIMETER DR STE 100 SCOTTSDALE AZ 85260 677.79 Agriculture
200310460 COPPER BASIN RAILWAY INC/ASARCO 5285 E WILLIAMS CIRCLE STE 2000 TUCSON AZ 85711 43.18 Railroad
200310240 SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 118 Vacant Land / Non‐Profit Imp
20031018E SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 160 Vacant Land / Non‐Profit Imp
20031018N SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 160 Vacant Land / Non‐Profit Imp
USA200060
20031018P SWVP‐GTIS MR LLC 12770 EL CAMINO REAL STE 200 SAN DIEGO CA 92130 360 Vacant Land / Non‐Profit Imp
200310210 TOWN OF FLORENCE 1126 W HUNT HWY FLORENCE, AZ 85132 PO BOX 2670 FLORENCE AZ 85132 160 Vacant Land / Non‐Profit Imp
USA200130
200310470 COPPER BASIN RAILWAY INC/ASARCO 5285 E WILLIAMS CIRCLE STE 2000 TUCSON AZ 85711 6.69 Railroad
200340080
USA200130
20034004E RANKIN FAMILY LLLP 695 W POSTON BUTTE LOOP FLORENCE, AZ 85132 PO BOX 1471 FLORENCE AZ 85132 73.52 Agriculture
20034004A RANKIN FAMILY LLLP PO BOX 1471 FLORENCE AZ 85132 55 Agriculture
20034004D RANKIN FAMILY LLLP PO BOX 1471 FLORENCE AZ 85132 28.03 Agriculture
200400030 RANKIN FAMILY LLLP PO BOX 1471 FLORENCE AZ 85132 8 Agriculture
200400020 TOWN OF FLORENCE  PO BOX 2670 FLORENCE AZ 85132 30 Vacant Land / Non‐Profit Imp
20040004B TOWN OF FLORENCE  PO BOX 2670 FLORENCE AZ 85132 60 Vacant Land / Non‐Profit Imp
20040010B HAROLD J CHRIST LTD PO BOX 2276 FLORENCE AZ 85132 6 Vacant Land / Non‐Profit Imp
200400050 RANKIN FAMILY LIMITED LIABILITY PSHIP PO BOX 1471 FLORENCE AZ 85132 5 Vacant Land / Non‐Profit Imp
20040004A TOWN OF FLORENCE PO BOX 2670 FLORENCE AZ 85132 15 Vacant Land / Non‐Profit Imp
200390020 TOWN OF FLORENCE 786 N PLANT RD FLORENCE, AZ 85132 PO BOX 2670 FLORENCE AZ 85132 10.86 Vacant Land / Non‐Profit Imp
20039003B UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 25.76 Vacant Land / Non‐Profit Imp
200390010 UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 36.11 Vacant Land / Non‐Profit Imp
20031019D UNITED METRO MATERIALS INC 1501 BELVEDERE RD WEST PALM BEACH FL 33406 197 Vacant Land / Non‐Profit Imp
20039004B UNITED METRO MATERIALS INC C/O RINKER MATERIALS CORP‐TAX DEPT 1501 BELVEDERE RD WEST PALM BEACH FL 33406 120 Vacant Land / Non‐Profit Imp
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NOTES
1. ALL LOCATIONS AND DIMENSIONS ARE AP P ROXIMATE
2. TOP OGRAP HY DATA BY FLORENCE COP P ER, OCTOBER 2010.
10-FOOT INTERVALS SHOWN.

FLORENCE COP P ER, INC.
FLORENCE, ARIZONA 85132

P LANNED WELLFIELD
DEVELOP MENT SEQUENCE

FIGURE A-2JULY 2019

EXISTING WATER 
IMPOUNDMENT

PROPOSED WATER 
IMPOUNDMENT 

5

PROPOSED WATER 
IMPOUNDMENT 

4

PROPOSED
PLS POND

PROPOSED
PROCESSING 

AREAPTF WATER
IMPOUNDMENT

PTF 
PROCESSING

AREA
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O-07

O-06

O-05

O-04

O-03

O-02

O-01

I-04

I-03

I-02

I-01

R-09

R-08

R-07

R-06

R-05

R-04

R-03

R-02

R-01M55-UBF

LEGEND

! ( P TF CLASS III WELL 
UNDERGROUND WORKING 
100 YEAR FLOOD P LAIN 
10 FOOT TOP OGRAP HIC CONTOUR 
P ROP OSED WATER IMP OUNDMENT 
P TF WATER IMP OUNDMENT 

P TF P ROCESSING AREA 
P ROCESSING AREA 
ISCR WELL FIELD 
P ROP OSED AOR / FORMER BHP  AOR 
AQUIFER EXEMP TION BOUNDARY 
STATE MINERAL LEASE BOUNDARY 

FLORENCE COP P ER P ROP ERTY BOUNDARY 
DEVELOP MENT SEQUENCE YEAR 1 
DEVELOP MENT SEQUENCE YEAR 2 
DEVELOP MENT SEQUENCE YEAR 3 
DEVELOP MENT SEQUENCE YEAR 4 
DEVELOP MENT SEQUENCE YEAR 5 

DEVELOP MENT SEQUENCE YEAR 6 
DEVELOP MENT SEQUENCE YEAR 7 
DEVELOP MENT SEQUENCE YEAR 8 
DEVELOP MENT SEQUENCE YEAR 9 
DEVELOP MENT SEQUENCE YEAR 10 
DEVELOP MENT SEQUENCE YEAR 11 

DEVELOP MENT SEQUENCE YEAR 12 
DEVELOP MENT SEQUENCE YEAR 13 
DEVELOP MENT SEQUENCE YEAR 14 
DEVELOP MENT SEQUENCE YEAR 15 
DEVELOP MENT SEQUENCE YEAR 16 0 70 140 210 280

SCALE IN FEET
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NOTES
1. ALL LOCATIONS AND DIMENSIONS ARE APPROXIMATE
2. TOPOGRAPHY DATA BY FLORENCE COPPER, OCTOBER 2010.
10-FOOT INTERVALS SHOWN.
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NOTES

1. ALL LOCATIONS AND DIMENSIONS ARE APPROXIMATE.

2. WELL SOURCE: ADWR WELL REGISTRY MAY 2019

3. AERIAL IMAGERY SOURCE: GOOGLE EARTH
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NOTES

1. ALL LOCATIONS AND DIMENSIONS ARE APPROXIMATE

2. TOPOGRAPHY DATA BY FLORENCE COPPER, OCTOBER 2010.
10-FOOT INTERVALS SHOWN.
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NOTES

1. ALL LOCATIONS AND DIMENSIONS ARE APPROXIMATE

2. TOPOGRAPHY DATA BY FLORENCE COPPER, OCTOBER 2010.
10-FOOT INTERVALS SHOWN.

FLORENCE COPPER, INC.
FLORENCE, ARIZONA 85132

EXISTING CORE HOLES
WITHIN AREA OF REVIEW

FIGURE A-16JULY 2019

EXISTING ADMINISTRATION
AREA

EXISTING WATER 
IMPOUNDMENT

HUNT HIGHWAY

PROPOSED WATER 
IMPOUNDMENT 

5

PROPOSED WATER 
IMPOUNDMENT 

4

PROPOSED WATER 
IMPOUNDMENT 

3

PROPOSED WATER 
IMPOUNDMENT 

2

PROPOSED WATER 
IMPOUNDMENT 

1

PROPOSED
PLS POND

PROPOSED
RAFFINATE 

POND

PROPOSED 
RUNOFF 

POND

PROPOSED
PROCESSING 

AREA
PTF WATER

IMPOUNDMENT

0 400 800 1,200 1,600

SCALE IN FEET

LEGEND

!"? ABANDONDED CORE HOLE 

!"? CORE HOLE 

10 FOOT TOPOGRAPHIC CONTOUR 

UNDERGROUND WORKING 

100 YEAR FLOOD PLAIN 

PROPOSED WATER IMPOUNDMENT 

PTF WATER IMPOUNDMENT 

PTF PROCESSING AREA 

PROCESSING AREA 

ISCR WELL FIELD 

PROPOSED AOR / FORMER BHP AOR 

AQUIFER EXEMPTION BOUNDARY 

STATE MINERAL LEASE BOUNDARY 

PTF AOR BOUNDARY 

FLORENCE COPPER PROPERTY BOUNDARY 
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EXHIBIT A-1 
 

GIS Files 
 

(Provided Separately on Disc) 
  



 

 

EXHIBIT A-1a 
 

Particle Tracking Results 
  



(a) (b) (c)

Panel (a): Same hydraulic and transport conditions used to simulate the transport scenario documented in the model update 
report. 
Panel (b): Same conditions as those for Panel (a) except that fault hydraulic conductivity was reduced to 0.57 feet per day. 
Panel (c): Same conditions as those for Panel (a) except that transport porosity for model layers 5, 6, and 7 decreased to 
20 percent from the original values. 
The farthest particle migration in Panel (c) is approximately 600 feet further away in comparison with the farthest particle 
migration in Panel (a). Particles were placed in model layer 7 near the northern and western ISCR wellfield boundary lines.       

Exhibit A-1a. Particle tracking results of a non-sorbing solute for 
a transport period of 30 years under post-closure ambient 
groundwater flow conditions.
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Technical Memorandum Regarding Model Update 
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Electronic Model Files 
 

(Provided Separately on Disc) 
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PTF Well and Corehole Abandonment Records  
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14A.1 Introduction 

This attachment has been prepared in response to the information requirements of Item 25.H of the 
Individual Aquifer Protection Permit (APP) Application Form (Form).  Arizona Administrative Code 
(A.A.C.) R18-9-A202A.8 requires a hydrologic study that defines the Discharge Impact Area (DIA) associated 
with the permitted activities for the planned life of the proposed Production Test Facility (PTF).  
Requirements of the hydrologic study are defined in A.A.C. R18-9-A202A.8 as follows: 

a. The hydrologic study is required to demonstrate: 
i. That the facility will not cause or contribute to a violation of an Aquifer Water Quality 

Standard (AWQS) at the applicable point of compliance (POC); or 
ii. If an AWQS for a pollutant is exceeded in an aquifer at the time of permit issuance, and 

that no additional degradation of the aquifer relative to that pollutant and determined at 
the applicable POC will occur as a result of the discharge from the proposed facility. 

b. Based on the quantity and characteristics of pollutants discharged, methods of disposal, and Site 
conditions, the Department may require the applicant to provide: 
i. A description of the surface and subsurface geology, including a description of all 

borings;  
ii. The location of any perennial, intermittent, or ephemeral surface water bodies; 
iii. The characteristics of the aquifer and geologic units with limited permeability, including 

depth, hydraulic conductivity, and transmissivity; 
iv. The rate, volume, and direction of surface water and groundwater flow, including 

hydrographs, if available, and equipotential maps; 
v. The precise location or estimate of the location of the 100-year flood plain and an 

assessment of the 100-year flood surface flow and potential impacts on the facility;  
vi. Documentation of the existing quality of the water in the aquifers underlying the Site, 

including, where available, the method of analysis, quality assurance (QA), and quality 
control (QC) procedures associated with the documentation;  

vii. Documentation of the extent and degree of any known soil contamination at the Site;  
viii. An assessment of the potential of the discharge to cause the leaching of pollutants from 

surface soils or vadose materials;  
ix. For an underground water storage facility, an assessment of the potential of the 

discharge to cause the leaching of pollutants from surface soils, or vadose materials, or 
cause the migration of contaminated groundwater.  (Not applicable to the PTF). 

x. Any changes in the water quality expected because of the discharge; 
xi. A description of any expected changes in the elevation or flow directions of the 

groundwater expected to be caused by the facility; 
xii. A map of the facility’s DIA; or  
xiii. The criteria and methodologies used to determine the DIA.   

Of the hydrologic study requirements outlined above, items A.A.C. R18-9-A202A.8.a.i, 8.b.i-iv, and 8.b.x-xiii 
are addressed in this Attachment.  Item 8.a.ii is described in detail in Attachment 12, Compliance with Aquifer 
Water Quality Standards.  Item 8.b.ix is not applicable to the present application, and items 8.b.v-viii are 
described in Attachment 14B, Hydrologic Study Part B.  Table 14A-1 includes a directory of the requirements 
outlined in A.A.C. R18-9-A202.A.8, and where each are addressed in this application. 
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14A.1.1 Background 

Curis Resources (Arizona) Inc. (Curis Arizona) has proposed development of a small, pilot-scale test facility 
referred to as the PTF located on undeveloped desert land 2.5 miles from the business district of the Town of 
Florence, Pinal County, Arizona (Figure 14A-1).  The proposed PTF will be constructed on State land within 
an Arizona State Mineral Lease held by Curis Arizona that is fully encompassed by property owned by Curis 
Arizona.  The proposed facility will be constructed on portions of Section 28 of Township 4 South, Range 9 
East, of the Gila River Baseline and Meridian.   

The proposed PTF consists of a small number of test injection and recovery wells that will be used to 
dissolve copper bearing minerals within the ore body, and to recover the copper in solution.  The injection 
wells will be used to inject a sulfuric acid-based lixiviant solution that will dissolve copper oxide minerals, 
liberating the copper into solution.  The copper laden solution, referred to as pregnant leach solution (PLS), 
will be recovered from the formation by a closely-spaced array of recovery wells.  The copper will be 
extracted from the PLS by solvent extraction/electrowinning (SX/EW).  A schematic of the PTF well field is 
shown in Figure 14A-2. 

The anticipated injection rate is expected to be approximately 240 gallons per minute (gpm), and the 
extraction is expected to be approximately 300 gpm.  At completion of the PTF injection and recovery 
process, the ore body will be rinsed with native groundwater until permit closure conditions are met.  The 
PTF and SX/EW plant are described in greater detail in Attachments 2 and 9.  Chemistry of the lixiviant and 
PLS solutions are described in detail in Attachment 10, Characterization of Discharge. 

This Attachment documents the development and calibration of, and predictive simulations produced from, a 
sub-regional scale computer-based groundwater flow model that includes the proposed PTF site and 
approximately 124 square miles around the proposed PTF.   

14A.2 Study Area Setting 

14A.2.1 Physiography 

The PTF site is located within the Sonoran Desert portion of the Basin and Range Physiographic province, 
which is characterized by gently sloping alluvial valleys separated by north-northwest trending fault block 
mountain ranges.  The PTF site is located on relatively flat land within an unnamed alluvial basin between the 
Santan and Tortilla Mountains that straddles the boundary between the Eloy sub-basin of the Upper Gila 
Watershed (Eloy sub-basin) and the East Salt River Valley (ESRV).  The PTF site is located a few miles to the 
south of this boundary, within the Eloy sub-basin.   

The Eloy sub-basin is a hydrographic basin bounded on the east by the Tortilla and Tortolita Mountains, on 
the south by a topographic divide at the margin of the Aguirre Valley, to the west by a groundwater divide to 
the west of Casa Grande, and on the north by the Santan Mountains and a topographic divide at the margin 
of the ESRV.  The study area includes an area of approximately 124 square miles located at the northern 
margin of the Eloy sub-basin.  The study area straddles the Eloy-ESRV topographic divide and covers less 
than 10 percent of the greater Eloy sub-basin. 

The PTF site is located on undeveloped desert land approximately 0.6 mile north of the Gila River, which 
drains the Eloy sub-basin.  Ground surface at the PTF site generally slopes southward toward the Gila River 
and has ground surface elevations ranging between approximately 1,470 and 1,490 feet above mean sea level 
(amsl).  
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14A.2.2 Climate 

The climate in the vicinity of the proposed PTF site is typical of an arid to semi-arid desert region with low 
precipitation, low humidity, and high summer temperatures.  Temperatures often exceed 100 degrees 
Fahrenheit (°F) during summer months and seldom fall below freezing during the winter.  Precipitation is 
seasonal and bimodal with winter rainfall resulting from cold fronts originating over the Pacific Ocean 
occurring from December through March; and summer precipitation resulting from convection of moist air 
originating over the Gulf of Mexico and Gulf of California occurring from July through September.  

Precipitation is generally lower intensity, longer duration in the winter and higher intensity, lower duration in 
the summer.  Mean relative humidity ranges from 19 percent in the winter to 65 percent in the summer 
(Montgomery and Harshbarger, 1989).  Average annual precipitation is 10.3 inches (National Oceanic and 
Atmospheric Administration [NOAA], 2010).  Histograms showing monthly mean precipitation and annual 
precipitation totals for the period 1931 to 2008 are shown on Figures 14A-3 and 14A-4, respectively.  

Evaporation exceeds precipitation in the region, consequently little recharge is received from direct 
infiltration of precipitation.  Estimated potential evaporation is approximately 65 inches (Montgomery and 
Harshbarger, 1989).  The combined effects of evaporation and transpiration (evapotranspiration) are 
discussed in more detail in Section 14A.3. 

14A.2.3 Surface Water 

The study area is drained by the Gila River which lies approximately 0.6 mile south of the proposed PTF.  
The Gila River is a regionally extensive river that originates at headwaters in southwestern New Mexico.  The 
Gila River is the principal surface water feature in the vicinity of the PTF site and traverses the central 
portion of the 124 square mile study area. 

Coolidge Dam is located approximately 55 miles to the east of the PTF site and has regulated Gila River flow 
in the vicinity of the PTF site since it was completed in 1928.  The San Pedro River flows into the Gila River 
below Coolidge Dam and is the primary source of unregulated flow in the Gila River.  Most surface water 
flowing in the Gila River upstream of the PTF site is diverted into the Florence-Casa Grande Canal at the 
Ashurst-Hayden Diversion Dam.  In the vicinity of the PTF site, the Gila River flows from northeast to 
southwest and is dry most of the year, except during extended periods of local precipitation and runoff.  A 
hydrograph of historic monthly mean Gila River flows measured at Kelvin, Arizona, located 26 miles east of 
and hydrographically above the PTF site, is included in Figure 14A-5.  The Gila River system and the various 
irrigation projects that receive water from it are described in greater detail in Brown and Caldwell (1996a). 

Besides the Gila River, there are no other significant naturally occurring perennial or ephemeral surface water 
bodies within the PTF model study area. 

14A.2.4 Land and Water Use 

The PTF model domain covers an area of approximately 124 square miles or approximately 79,350 acres.  
Within this area, principal land uses include agricultural, urban, industrial, and undeveloped desert.  
Approximately 24,500 acres (31 percent of the study area) are currently, or historically have been, under 
cultivation.  Urban areas account for approximately 5,700 acres or slightly more than 7 percent of the PTF 
model study area.  Industrial land uses include primarily aggregate mining operations covering approximately 
1,400 acres, less than two percent of the PTF model study area.  Undeveloped desert lands account for the 
majority of the PTF model study area, covering an area of approximately 47,750 acres or 60 percent of the 
study area.  The PTF well field is approximately 4.5 acres in size.  Land use within the PTF model study area 
is shown on Figure 14A-6. 
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Agricultural land uses account for the largest proportion of developed land use and water use with the PTF 
model domain.  Both surface water and groundwater are used to irrigate fields growing a wide variety of food 
and fiber crops.  Urban water uses within the study area rely solely on groundwater and include residential 
and public space irrigation, domestic uses, and other incidental uses.  Industrial water use within the study 
area also relies solely on groundwater and consists primarily of material washing at aggregate mines.  
Anthropogenic water use in the undeveloped desert areas within the PTF model study area is insignificant in 
magnitude. 

Groundwater pumping was not segregated by water use during development of the current PTF groundwater 
flow model.  The groundwater pumping rates used in the model were obtained from the Arizona Department 
of Water Resources (ADWR), and are described in detail in Section 14A.4.7.  

14A.3 Hydrogeology and Conceptual Model 

14A.3.1 Previous Studies 

Portions of the PTF model study area have been the subject of numerous geologic and hydrologic studies 
since the 1950s, when the potential for copper oxide mineralization was identified in the vicinity of Poston 
Butte.  Previous studies described herein are limited to relevant hydrologic and groundwater modeling studies 
covering all or portions of the PTF model study area: 

 Brown and Caldwell, 1996a.  Magma Florence In-Situ Project Aquifer Protection Permit Application, 
Volume II of V, Site Characterization Report. 

 Brown and Caldwell, 1996b.  Magma Florence In-Situ Project Aquifer Protection Permit Application, 
Volume IV of V, Modeling Report. 

 ADWR, 1990.  Pinal Active Management Area Regional Groundwater Flow Model. 

 ADWR, 1994.  Salt River Valley Regional Groundwater Flow Model. 

Brown and Caldwell (1996a) 

Magma Copper Company (Magma) originally proposed production of cathode copper at the site by using 
combined in-situ copper recovery (ISCR) and SX/EW in the mid 1990s.  Magma retained Brown and 
Caldwell to perform hydrologic and geochemical studies in support of applications for the required 
environmental and operational permits from State and Federal agencies.  Brown and Caldwell (1996a) 
summarized geologic and hydrogeologic characteristics of the proposed ISCR site, associated property, and 
the surrounding vicinity using existing published and unpublished data and data generated during site-specific 
investigations. 

Site-specific investigations performed in support of Brown and Caldwell (1996a) included, but were not 
limited to: 

 Assessment of bedrock properties based on lithologic logs of approximately 700 coreholes drilled into 
the ore body and the surrounding vicinity. 

 Analysis of lithologic and hydrologic data collected from 52 boreholes drilled at the site and surrounding 
vicinity in 1994 and 1995 to depths ranging from 240 to 1,580 feet. 

 Downhole geophysical logging of 16,340 linear feet of boreholes drilled in 1994 and 1995. 

 Construction data, water quality data, and water level data available from eighteen monitoring wells 
constructed in six clusters in and around the ore body. 

 Twenty-six aquifer tests conducted at test well and monitoring well clusters at the site and surrounding 
vicinity. 

 Fourteen hydraulic (packer) tests conducted in open boreholes. 
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The aquifer parameters and hydrostratigraphic unit descriptions developed from data collected in support of 
Brown and Caldwell (1996a) were used to support the creation of a sub-regional groundwater flow model 
described in Brown and Caldwell (1996b).  These data remain the best available data describing hydrogeologic 
characteristics at the PTF site and surrounding vicinity.  No significant additional hydrogeologic 
characterization activities have been conducted at the PTF site and surrounding vicinity since the Brown and 
Caldwell (1996a) study was completed.  Data developed in support of Brown and Caldwell (1996a) were used 
as direct input into the current PTF groundwater flow model described in this report.  Hydrostratigraphic 
unit descriptions presented in Brown and Caldwell (1996a) serve as the conceptual basis for 
hydrostratigraphic units represented in the PTF groundwater flow model described herein. 

Brown and Caldwell (1996b) 

Following the hydrogeologic characterization of the PTF site and surrounding vicinity described in Brown 
and Caldwell (1996a), Brown and Caldwell prepared a sub-regional numerical groundwater flow model for the 
purpose of simulating the potential effects of ISCR activities on the regional alluvial aquifer.  The flow field 
represented in the 1996 groundwater model was developed using the MODFLOW (McDonald and 
Harbaugh, 1988) computer code, and particle tracking simulations were performed using PATH 3D (Zheng, 
1989). 

The 1996 groundwater flow model included a domain that covered approximately 100 square miles, centered 
roughly on the PTF site and surrounding vicinity.  The model grid used a 1,000-foot by 1,000-foot cell size at 
the periphery of the domain and reduced to a cell size of 50 feet by 50 feet at the center of the domain at the 
PTF site, and was divided into eight layers corresponding to the various hydrostratigraphic units. 

Model inputs included temporal head, recharge, and pumping inputs, and used a one year calibration period.  
The groundwater flow model drew heavily from the site-specific hydrogeologic data reported in Brown and 
Caldwell (1996a) and data available from ADWR.   

Advances in groundwater modeling software, modeling techniques, and changing groundwater conditions at 
the PTF site have necessitated the development of the current PTF groundwater model described herein as a 
replacement for the groundwater model described in Brown and Caldwell (1996b).  However, the Brown and 
Caldwell (1996b) groundwater model provided the basic framework for the current model with minor 
adjustments to the PTF model domain and a revision of the model layering to reflect the full body of geologic 
data currently available. 

Hydraulic parameters used as inputs to the Brown and Caldwell (1996b) groundwater flow model were 
developed and reported in the Brown and Caldwell (1996a) Site Characterization Report, which also serves as 
the primary source for hydrologic properties used in the current groundwater flow model.  Other inputs used 
in the 1996 groundwater model such as General Head Boundaries (GHBs), temporal head distributions, 
recharge values, and groundwater pumping were not carried forward to the current model because a greater 
temporal range of detailed data are now available from ADWR. 

ADWR, 1990 

In 1990, ADWR released a numerical groundwater flow model for the Pinal Active Management Area (AMA) 
which covers an area of approximately 4,100 square miles located within portions of Pinal, Pima, and 
Maricopa Counties and includes the PTF site.  The Pinal AMA groundwater model was developed using the 
MODFLOW (McDonald and Harbaugh, 1988) computer code and had a model domain equivalent to the 
approximate 4,100 square mile AMA area.  ADWR developed this model for the purpose of developing a 
groundwater management tool that would be useful in predicting future groundwater conditions within the 
AMA.  The Brown and Caldwell (1996b) and the current PTF groundwater flow models cover a domain that 
is less than 2 percent of the 1990 Pinal AMA groundwater flow model. 



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART A, GROUNDWATER FLOW MODEL (ITEM 25.H) 

 

10  

The original Pinal AMA model used two layers to represent the three hydrogeologic units generally 
recognized to extend throughout the AMA.  The hydrogeologic units are the Upper Alluvial Unit (UAU), the 
Middle Silt and Clay Unit (MSCU), and the Lower Conglomerate Unit (LCU).  The layer thicknesses were 
defined using more than 2,000 driller’s logs; however, the actual thicknesses of the MSCU and LCU are not 
represented in the model.  The 1990 Pinal AMA model grid used a uniform cell size of one square mile 
roughly oriented to correspond with the Township-Range-Section grid. 

The hydrogeologic units used in the 1990 Pinal AMA model and their associated properties roughly 
correspond to the hydrogeologic units used in the 1996 groundwater model prepared by Brown and Caldwell 
(1996b).  The Brown and Caldwell model used hydrogeologic unit names and descriptions reported in Brown 
and Caldwell (1996a), namely; the Upper Basin Fill Unit (UBFU), Middle Fine Grained Unit (MFGU), and 
Lower Basin Fill Unit (LBFU).  However, the UBFU corresponds with the UAU, the MFGU corresponds 
with the MSCU and the LBFU corresponds with the LCU.  The hydrogeologic unit names and descriptions 
used in Brown and Caldwell (1996b) are used in the current PTF groundwater flow model. 

Although the 1990 Pinal AMA model grid discretization and layering are too coarse to provide the localized 
high resolution required for the present modeling effort, the extensive published datasets associated with the 
model have been a valuable resource in constructing and calibrating the current PTF groundwater flow 
model.   

ADWR is currently in the process of redeveloping and refining the Pinal AMA groundwater flow model to 
represent expanded pumping and recharge datasets, a refined understanding of the basin and sub-basin 
morphology, and more refined hydrographic boundaries at the downstream edge of the model.  The revised 
model was planned to be completed in 2010, however it had not yet been made available at the time of this 
publication.  However, ADWR graciously made several of the updated Pinal AMA model input datasets 
available to Brown and Caldwell on a provisional basis in support of development of the current PTF 
groundwater flow model.  Provisional updated Pinal AMA groundwater model datasets made available by 
ADWR for use in the current model are described in Section 14A.4.7. 

ADWR, 1994 

In 1994, ADWR released a computer model that represented the groundwater flow regime of the Salt River 
Valley (SRV).  The SRV is an extensive and complex groundwater basin that includes seven sub-basins and 
the confluence of four rivers that together drain more than 50 percent of the State.  The domain of the 1994 
SRV model covers only about 2,500 square miles and does not include the entire SRV, but focuses on the 
most significant hydrologic features of the valley for the purpose of developing a groundwater management 
tool.  ADWR is currently in the process of updating the SRV model and expanding the model domain, 
however the results of that effort are not yet available. 

Similar to the 1990 Pinal AMA model, the 1994 SRV model used a cell size of one square mile, but differed in 
that it used three layers to represent the three principal hydrogeologic units within the basin.  The layers were 
designed to discretely represent the three principal hydrogeologic units occurring within the SRV, which units 
generally correspond to those described in the 1990 Pinal AMA groundwater flow model.  The SRV layers 
include the UAU, Middle Alluvial Unit (MAU), and Lower Alluvial Unit (LAU).   

The domain of the 1996 (Brown and Caldwell, 1996b) and the current (2010) PTF sub-regional groundwater 
flow model lies primarily within the domain of the Pinal AMA groundwater model.  However, because the 
PTF site location is very near the boundary between the Pinal AMA and the Phoenix AMA, a small portion 
of the PTF model domain lies within the domain of the SRV model.  Approximately 20 percent of the PTF 
model domain lies within the domain of the 1994 SRV model, an area located at the extreme southeast corner 
of the SRV model domain that represents less than one percent of the entire SRV model domain.   
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Recognizing that the current PTF groundwater flow model has less than 20 percent of its domain in common 
with the SRV model, the SRV model construction details such as grid discretization, layering, and boundary 
conditions were not incorporated in the current modeling effort.  However, datasets from the SRV model 
that were useful in construction and calibration of the current (2010) PTF groundwater model included 
updated geology and temporal head distributions.  Input datasets for the current PTF groundwater model are 
described in Section 14A.4. 

14A.3.2 Regional Geology and Hydrostratigraphy 

14A.3.2.1 Structural Geology 

The PTF site is located within the Sonoran Desert portion of the Basin and Range Physiographic Province.  
The Basin and Range Province is defined by the residual effects of extensional forces that stretched the 
earth’s crust throughout western North America, resulting in a series of pull-apart physiographic features that 
include alternating elongated mountain ranges separated by alluvial basins bounded by normal faults.  The 
basins and ranges are the surface expression of alternating down-thrown blocks of crust (grabens) lying 
between crustal blocks that remain elevated (horsts) relative to the surrounding terrain.   

The Basin and Range Orogeny, an extensional event, was the last major orogenic event to affect the Western 
United States and occurred from the early Miocene to the Pleistocene (17-5 Ma).  Tectonic processes 
associated with the Basin and Range Orogeny exposed metamorphic core complexes and resulted in igneous 
activity that included batholith, stock and dike emplacement, and volcanism (Nason and others, 1982).   

Basin and Range faulting resulted in partial to complete erosion of older Oligocene to Miocene sediments.  
Consequently, as much as 4,000 feet of basin-fill has been deposited in the resulting Tertiary alluvial fan and 
lake bed environments.  Figure 14A-7 shows a bedrock surface of the PTF site and limited surrounding 
vicinity based on well log and corehole data. 

Basin and Range faulting and tilting in the vicinity of the PTF resulted in north-northwest trending horst and 
graben structures bounded by normal faults with large displacements to the west (Nason and others, 1982).  
The ore body associated with the PTF occurs on a complex horst block which is bounded on the east and 
west by grabens.  The Party Line Fault, a major normal fault on the east side of the ore body, strikes north 35 
degrees west and dips 45 to 55 degrees southwest.  This fault is reported to have a vertical displacement of 
over 1,000 feet (Conoco, 1976; Nason and others, 1982).  Field studies (Brown and Caldwell, 1996a) have 
shown that intense fracturing in the vicinity of the fault zone has resulted in elevated hydraulic conductivity 
parallel to the fault.  A series of en-echelon normal faults striking north-south to northwest occur west of the 
Party Line Fault, which form the transition to the graben structure west of the proposed PTF well field. 

The Sidewinder Fault occurs near the west side of the proposed PTF well field and has a displacement of 
more than 1,200 feet (Conoco, 1976), and represents a continuation of a complex of northwest-southeast 
trending normal faults east of the PTF site.  Field studies (Brown and Caldwell, 1996a) have shown that 
intense fracturing in the vicinity of the fault zone has resulted in elevated hydraulic conductivity.  
Additionally, an east-west trending fault system has truncated the south end of the horst, causing bedrock 
elevations south of the Gila River to drop away by more than 1,500 feet (Conoco, 1976).  Additional en-
echelon, north to northwest trending normal faults located east of the Sidewinder Fault form the transition to 
another graben structure east of the PTF site, which strikes north to northwest.   

Following the Basin and Range Orogeny, alluvial basin-fill sediments were deposited over the Precambrian 
bedrock surface in the vicinity of the PTF site.  The sediments consist of unconsolidated to moderately well-
consolidated interbedded clay, silt, sand, and gravel in variable proportions and thicknesses.  Interbedded 
basalt flows were emplaced during basin fill deposition to the west and northwest of the proposed PTF well 
field.  Total thickness of basin-fill materials in the vicinity of the property ranges from 300 to over 900 feet, 
and exceeds 2,000 feet at a distance of 1.5 miles southwest of the proposed PTF well field.   
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14A.3.2.2 Hydrostratigraphy 

The saturated geologic formations underlying the PTF site have been divided into three distinct water bearing 
hydrostratigraphic units referred to as the UBFU, LBFU, and the Bedrock Oxide Unit.  Although locally 
productive, the Bedrock Oxide Unit is considered to be hydrologic bedrock by the ADWR (1989).  The 
UBFU and LBFU are separated by a thin regionally extensive aquitard referred to as the MFGU.  Each of 
these units generally corresponds to regionally extensive hydrostratigraphic units described by ADWR (1989).  
Generalized cross sections depicting the distribution and thickness of the hydrostratigraphic units are shown 
on Figures 14A-8 and 14A-9.  Recent water levels (2008) within the PTF model domain are shown on 
Figure 14A-10. 

The geologic and hydrologic characteristics of these units have been defined by a series of studies conducted 
by previous companies associated with the PTF site including Conoco, Magma, and BHP Copper. 

Conoco began hydrologic characterization of the ore body in 1971 in order to determine the dewatering 
requirements for a planned underground mine, and later an open pit mine to be developed at the PTF site.  
Between 1973 and 1976, Conoco conducted a total of 34 aquifer (pumping) tests that included tests 
conducted in individual water bearing units and various combinations of the LBFU and Bedrock Oxide 
Units.  No aquifer tests were conducted in the period between 1976 and 1992, when Magma began 
hydrologic characterization for the purpose of completing a pre-feasibility study. 

Magma purchased the PTF site and surrounding vicinity from Conoco in 1992, and initiated an intensive 
hydrologic characterization program that included a series of 49 pumping tests conducted at 17 locations at 
the PTF site and surrounding vicinity.  The tests, conducted by Brown and Caldwell, included 17 pumping 
wells and 46 monitoring wells screened within the various water bearing units.  Eight wells were completed 
within the UBFU, 17 within the LBFU, and 38 wells within the Bedrock Oxide Unit including the hanging 
wall and footwall zones of the major faults.  Each of the pumping tests was conducted at pumping rates of at 
least 0.25 gpm per foot of screen.  After completion of the pumping tests, Golder Associates (Golder, 1995) 
analyzed the pump test data to derive hydrologic parameter values describing each of the water bearing units.  
The values derived by Golder Associates for each of the water bearing units confirmed, and expanded on, 
those derived by Conoco.  A copy of the 1995 Golder Associates report is submitted as Exhibit 14A-1. 

In January 1996, BHP Copper acquired Magma and the PTF site and surrounding vicinity, and continued 
hydrologic characterization of the associated ore body.  BHP Copper did not conduct any additional aquifer 
tests.  However, in order to further characterize hydrologic properties of the ore body, BHP Copper installed 
a pilot five-spot ISCR well pattern with adjacent, perimeter, and observation wells for the purpose of 
conducting a commercial-scale pilot test to demonstrate the feasibility of establishing and maintaining 
hydraulic control.  No additional hydrologic characterization activities were completed between the 
conclusion of the BHP Copper pilot test in 1998 and the purchase of the PTF site and surrounding vicinity 
by Curis Arizona. 

Curis Arizona acquired the PTF site and surrounding vicinity in the first quarter of 2010.  The only 
hydrologic characterization activities conducted by Curis Arizona since their acquisition of the site have been 
laboratory testing of two samples of MFGU sediments to determine hydraulic conductivity.  The results of 
those tests are described below.  The laboratory reports for those analyses are included as Exhibit 14A-2.   

The range of hydraulic conductivity values measured for each of the water bearing units are shown on 
Figure 14A-11.  Hydraulic conductivity values plotted on Figure 14A-11 include values derived from tests of 
individual water bearing units conducted by Conoco and Magma.  Hydraulic conductivity values derived from 
tests that included multiple water bearing units were excluded from Figure 14A-11. 

No vadose zone characterization activities have been conducted since 1995 when BHP completed site 
characterization.  Vadose zone characterization activities performed in support of the BHP site 
characterization are described in Section 2.3.1, Volume II, of that application.  A copy of Section 2.3.1, 
Volume II of the 1996 APP application is included as Exhibit 14A-3. 
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14A.3.2.2.1 Upper Basin Fill Unit (UBFU) 

The UBFU is locally overlain by recent alluvial floodplain sediments emplaced by the Gila River and tributary 
washes in the vicinity of the PTF site.  The recent alluvium is unsaturated, and consists of unconsolidated silt, 
sand, gravel, and boulders that locally overlie the basin fill deposits of the UBFU.  The width of recent 
alluvium emplacement is approximately one mile on either side of the Gila River.  The thickness of the recent 
alluvium at the PTF site ranges from zero near the bedrock outcrops to approximately 60 feet at the Gila 
River (Brown and Caldwell, 1996a). 

The UBFU consists primarily of unconsolidated to slightly consolidated sands and gravel, with lenses of 
finer-grained material and ranges in thickness between 50 feet near mountain fronts to approximately 
1,200 feet in the basin center.  The thickness of the corollary unit within the ESRV Sub-basin is typically 
between 100 and 200 feet (ADWR, 1993).  The UBFU is estimated to range between 200 and 220 feet in 
thickness within the proposed PTF well field. 

The upper portion of the UBFU is not saturated and forms the lower vadose zone, which extends to depths 
ranging from 100 to 150 feet below ground surface (bgs).  The upper portions of the unit are generally fine-
grained and calcareous, consisting of a gradational succession of poorly graded, moist silt and sand with 
minor gravel.  The lower portions are generally coarser-grained, with gravel interbeds common at depth.  
Although more cohesive than the overlying recent alluvium, the UBFU is generally described as 
unconsolidated (Brown and Caldwell, 1996a). 

The UBFU is primarily unconfined with locally confined conditions apparent in portions of the Eloy sub-
basin (ADWR, 1989).  However, unconfined conditions prevail within the UBFU in the proposed PTF well 
field.  Hydraulic conductivity within the UBFU in the study area ranges from 20 to 130 feet per day and 
specific yield ranges from approximately 13 to 20 percent (ADWR, 2010).   

Based on 2011 groundwater level measurements, the saturated portion of the UBFU within the proposed 
PTF well field is estimated to be between approximately 275 and 295 feet thick.  Depth to groundwater 
measurements at proposed POC wells completed in the UBFU are provided in Attachment 14B Table 14B-2.   

14A.3.2.2.2 Middle Fine Grained Unit (MFGU) 

The MFGU underlies the UBFU along a very gently sloping contact that is interpreted to be an 
unconformity, based on a basin-wide shift in lithofacies.  The unit is generally 20 to 30 feet thick at the 
proposed ISCR site but increases to a maximum thickness of about 55 feet at the southwest corner of the 
site.  The unit is nearly continuous, although it may pinch out or grade to coarser-grained materials in some 
locations (Brown and Caldwell, 1996a).   

Locally, the MFGU ranges from calcareous clay to silty sand, and includes desiccation cracks, reworked 
broken clay clasts, carbonaceous film, and thin interbeds of fine sand or pebbles up to 1-inch thick.  In 
places, the unit is massive with no detectable internal structure.  It is generally calcareous and may be 
associated with thin zones of caliche.  The base of the unit slopes very gently (one to two percent) to the 
southwest and is generally marked by a change from silty sand to gravel.  In light of the numerous faults that 
are known to affect the bedrock at the in-situ mine site, the relatively flat-lying base of the MFGU is an 
indication that faulting ceased prior to the deposition of this unit (Brown and Caldwell, 1996a).   

The MFGU in the Eloy sub-basin ranges in thickness from less than 50 feet near the sub-basin margins to 
greater than 6,500 feet in the sub-basin center, and can be locally productive if the well penetrates a sand and 
gravel lens within the unit; however well productivity in the MFGU is otherwise limited (ADWR, 1989).   

No aquifer tests have been conducted within the MFGU.  The MFGU is too thin and exhibits a hydraulic 
conductivity that is too low to support aquifer pumping tests.  The thinness of the MFGU also precludes 
reliable construction of test wells that might be used to perform slug tests.  For this reason, Magma Copper 
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Company, a previous owner of the site and surrounding vicinity elected to collect a sample from bore hole 
M16-GU for laboratory analysis to determine hydraulic properties of the MFGU.  Curis Arizona recently 
collected two additional MFGU samples from core hole CMP-11-03, which was drilled in August of 2011.  
The laboratory hydraulic conductivity values determined for these samples are listed in Table 14A-2. 

Copies of the original laboratory reports for each of the samples listed in Table 14A-2 are included herewith 
as Exhibit 14A-2.   

The depth, thickness, and extent of the MFGU within the PTF well field, as determined from core hole logs, 
is shown on detailed cross sections included in Attachment 14C as Figures 14C-48 through 14C-51. 

14A.3.2.2.3 Lower Basin fill Unit (LBFU) 

The LBFU underlies the MFGU at the proposed PTF site and comprises the lower portion of the 
sedimentary fill overlying Precambrian bedrock.  The MFGU-LBFU contact at the proposed PTF site ranges 
in depth from 260 to 300 feet bgs.  The thickest deposits of LBFU occur west of the proposed PTF well 
field, along the east flank of a graben structure.  The increased thickness is the result of faulting, subsidence, 
and lithostatic loading of the basin.  The thinnest deposits overlie a 400- to 500-foot wide bedrock ridge west 
of the proposed PTF well field.  Beneath the eastern portion of the PTF site, the thickness of the LBFU 
generally ranges from about 30 to 80 feet. 

The LBFU consists of coarse gravel, fanglomerate, conglomerate, and breccia, and is distinguished by a 
greater degree of consolidation than is exhibited by the UBFU.  Lithologically, clasts appear similar to the 
overlying UBFU, with the exception of the occurrence of bedrock derived gravel conglomerate, immediately 
above the bedrock contact that is locally well-lithified.  The conglomerate portion of the LBFU may correlate 
with the Gila and Whitetail Conglomerates described in the region (Conoco, 1976). 

Where overlain by the MFGU, the LBFU typically exhibits confined or semi-confined characteristics 
(ADWR, 1989).  Hydraulic conductivity within the LBFU ranges from 5 to 25 feet per day and specific 
storage is approximately 1e-5 ft-1 (ADWR, 2010).  Hydraulic conductivity for the LBFU calculated by 
Montgomery (1994) was approximately 93.0 ft/day.  Aquifer parameters reported for the Gila Conglomerate 
include transmissivities reported by Halpenny (1976) that range from 113,000 to 233,000 gallons per day per 
foot (gpd/ft).  Studies performed by Halpenny and Green (1972) suggest that a transmissivity value of 
125,000 gpd/ft is a reasonable mean value.   

Beneath the proposed PTF well field, the LBFU is fully saturated and exhibits confined to semi-confined 
characteristics.  As noted on the cross sections submitted in Attachment 14C (Figures 14C-48 through 
14C-51), the water levels in the LBFU are measured at points well above the top of that unit.  Aquifer tests 
conducted at the PTF site, and measured groundwater elevations, have demonstrated that the LBFU and 
Bedrock Oxide Unit are in hydrologic communication with one another.  Depth to groundwater 
measurements for proposed POC wells completed in the LBFU are included in Attachment 14B, 
Table 14B-2.   

14A.3.2.2.4 Oxide Bedrock Zone 

Bedrock underlying the LBFU in the proposed PTF well field consists primarily of Precambrian quartz 
monzonite and Tertiary granodiorite porphyry.  Based on the copper mineral assemblage, the bedrock is 
divided into an upper oxide zone and lower sulfide zone.  The oxide bedrock zone is estimated to range in 
thickness from approximately 200 feet to over 1,500 feet (Brown and Caldwell, 1996a).  The depth and extent 
of the Oxide Bedrock Zone beneath the PTF well field is shown on the generalized geologic cross sections in 
Figures 14A-8 and 14A-9. 
  



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART A, GROUNDWATER FLOW MODEL (ITEM 25.H) 

 

15  

The top of the oxide bedrock zone consists of a weathered rubbly mixture of fracture filling and angular 
bedrock fragments, and is expected to be a zone of enhanced hydraulic conductivity.  On available well logs, 
this zone is included with the LBFU in some locations as it is difficult to distinguish in-place weathering 
products from overlying colluvial materials.  Below this weathered zone, the oxide consists of extensively 
fractured quartz monzonite, granodiorite, and associated dikes.  Movement of groundwater through the oxide 
bedrock zone is expected to be largely controlled by secondary permeability resulting from faults, fractures, 
and associated brecciation.   

Fracture intensity is greatest near the Party Line and Sidewinder faults, and decreases further away from these 
features.  The Party Line fault post-dates mineralization and partially bounds mineralization in the eastern 
portion of the ore body.  A vertical displacement of approximately 1,000 feet has been estimated on the Party 
Line fault.  The Sidewinder fault occurs in the western portion of the in-situ mine site and exhibits an 
estimated 1,200 feet of vertical displacement.  Rubblization and subsequent erosion associated with the 
Sidewinder fault has resulted in a bedrock trough that underlies the western portion of the PTF site.    

Hydraulic conductivity within the oxide bedrock zone ranges from 0.1 to 2.51 ft/day and specific storage 
ranges from 5e-6 to 1e-5 ft-1 (Brown and Caldwell, 1996a).  Transmissivity within the oxide bedrock zone in 
the vicinity of the PTF site has been estimated to range from 10,000 to 12,000 gpd/ft (Halpenny and Green, 
1972).   

Beneath the proposed PTF well field, the Bedrock Oxide Unit is fully saturated and exhibits confined to 
semi-confined characteristics.  As noted on the cross sections submitted in Attachment 14C (Figures 14C-48 
through 14C-51), the water levels measured in wells completed in the Bedrock Oxide Unit are observed at 
points well above the top of that unit.  Due to the low hydraulic conductivity of the Sulfide Unit, there is no 
demonstrable hydraulic connection between it and the Bedrock Oxide Unit. 

14A.3.2.2.5 Hydrologic Bedrock 

The oxide bedrock zone is underlain locally by a zone of sulfide mineralization that occurs in the same quartz 
monzonite and granodiorite rocks that compose the oxide zone, and is of unknown lateral and vertical extent.  
The fracture frequency and resulting permeability of the fracture network within the sulfide zone is 
significantly less than that observed in the overlying oxide zone.   

The Sulfide Unit is a bedrock unit that underlies the Bedrock Oxide Unit, and is distinguished from that unit 
by differences in mineralogical composition.  In addition to having a different mineralogical composition than 
the Bedrock Oxide Unit, the Sulfide Unit is substantially less fractured, and consequently has a much lower 
hydraulic conductivity.  Pumping and injection tests conducted in 1995 included tests conducted in wells 
constructed in the Sulfide Unit.  During these tests, it was observed that the Sulfide Unit wells dewatered 
quickly and did not recover within a timeframe that allowed meaningful analysis of test data.  For this reason, 
slug tests were conducted in the Sulfide Unit wells which produced hydraulic conductivity values between one 
and three orders of magnitude lower than those measured in the Bedrock Oxide Unit.  Sulfide bedrock 
hydraulic conductivity values, developed by Brown and Caldwell (1996a), ranged from 0.0055 to 0.05 ft/day. 

Within the broader study area, hydrologic bedrock consists primarily of Precambrian granite, gneiss, and 
schist with Mesozoic granite and related crystalline intrusive rocks, volcanic flows, sedimentary and 
metamorphic rocks and is assumed to be impermeable (ADWR, 1989).  In the context of defining regional 
groundwater resources, the sulfide bedrock zone does not yield appreciable quantities of water (ADWR, 
1989).  Local areas of intense fracturing may yield groundwater from the bedrock complex; however; 
previous ADWR groundwater models (ADWR, 1990 and 1994) have assumed all bedrock (including the 
oxide bedrock zone) within the study area is impermeable.  No flow bedrock areas are shown on 
Figure 14A-10. 
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14A.3.3 Regional Hydrogeologic System 

The Eloy sub-basin is a structurally controlled hydrographic basin in the middle reach of the upper Gila River 
watershed that is bounded by topographic divides on the north, east, and south and by a groundwater divide 
on the west.  The Eloy sub-basin represents a series of graben structures that have been overlain with basin 
fill sediments shed from the surrounding mountains.  The basin fill sediments extend in depth to more than 
4,000 feet at the center of the sub-basin and are generally water bearing in the uppermost 1,800 feet of 
thickness, with the exception of a series of fine grained deposits that extend nearly basin wide.  The 
ephemeral Gila River is a losing stream within the Eloy sub-basin and also drains the sub-basin. 

In the eastern portion of the Eloy sub-basin, and the eastern portion of the PTF model domain, groundwater 
flow generally follows the course of the Gila River but turns north-northwest in the vicinity of the Town of 
Florence and the PTF site. 

The PTF model study area lies principally within the Eloy sub-basin.  Groundwater inflows and outflows of 
the Eloy sub-basin that pertain to the domain of the PTF groundwater model are described below.  

14A.3.3.1 Inflows 

14A.3.3.1.1 Surface Water Flow and Groundwater Subflow 

The Gila River is an ephemeral losing stream within the PTF model domain and is the principal source of 
groundwater recharge in the region.  The flow control and diversion structures located on the Gila River are 
described in Brown and Caldwell (1996a).  Within the study area, there are no other significant ephemeral or 
perennial surface water bodies that contribute to groundwater recharge.  All other drainages within the PTF 
model domain consist of dry ephemeral washes that are tributaries to the Gila River and only flow during 
infrequent heavy precipitation events.  Surface water infiltration estimates used in the model were compiled 
by ADWR for the ongoing update of the Pinal AMA groundwater flow model and were provided by ADWR 
on provisional basis for use in the current PTF groundwater flow model.  Estimated surface water infiltration 
values are discussed in Section 14A.4.7  

There is no documented sub-flow associated with the Gila River entering the Eloy sub-basin at the eastern 
margin of the basin, and no other potential sources of sub-flow exist within the Eloy sub-basin.   

14A.3.3.1.2 Gila River Recharge 

The Gila River is the primary source of recharge to the alluvial aquifers in the vicinity of the PTF site.  Both 
historical and recent water level records demonstrate that there is a close relationship between the magnitude 
of flows in the Gila River and local groundwater elevations.  This relationship is illustrated by the 
hydrographs plotted on Figure 14A-12.  Figure 14A-12 is a map with hydrographs for Groundwater Site 
Inventory (GWSI) wells and PTF and surrounding vicinity wells plotted relative to a discharge hydrograph of 
the Gila River.  The hydrographs plotted on Figure 14A-12 clearly show that as Gila River flow increases, 
groundwater elevations also increase shortly thereafter.  As Gila River flows decrease, groundwater pumping 
causes groundwater elevations to decline.  Hydrographs plotted on Figure 14A-12 show that recharge derived 
from Gila River flows affects groundwater elevations as far as approximately 3.5 miles from the Gila River.   

No direct measurements of groundwater recharge derived from Gila River flows are available.  The best 
available quantification of recharge derived from Gila River flow was developed by ADWR in conjunction 
with the groundwater model the Department developed to simulate groundwater conditions in the Pinal 
AMA (ADWR, 1990).  The recharge array used in this model was directly imported from provisional data 
files prepared for the update of the Pinal AMA groundwater flow model (ADWR, 1990).  These data were 
made available to Curis Arizona by ADWR on a provisional basis.  
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14A.3.3.1.3 Mountain Front Recharge 

Analyses performed by ADWR (1989) demonstrated that mountain front recharge is negligible within the 
domain of the Pinal AMA groundwater flow model.  Based on provisional data provided by ADWR, the 
revision of the Pinal AMA groundwater flow model that is currently in progress will validate the earlier 
ADWR conclusion that there is no significant mountain front recharge within the domain of the Pinal AMA 
groundwater flow model.  Accordingly, the current PTF groundwater flow model does not include mountain 
front recharge. 

14A.3.3.1.4 Canal Leakage 

Three irrigation districts serve water to farms within the PTF model study area through a network of unlined 
canals: New Magma Irrigation and Drainage District, Maricopa Stanfield Irrigation and Drainage District, and 
the San Carlos Irrigation and Drainage District.  Seasonally, canal water is obtained from surface water 
diversions on the Gila River and from the Central Arizona Project (CAP).  When insufficient surface water 
supplies are available to meet irrigation demand, the irrigation districts pump groundwater into the canal 
network to meet the demand.  The location of these canals within the model domain is shown on 
Figure 14A-6.  Leakage from the unlined canals is a significant source of recharge water within the Eloy sub-
basin and the PTF model domain.  Canal leakage data used in this model were compiled by ADWR for the 
ongoing update of the Pinal AMA groundwater flow model and were provided by ADWR on a provisional 
basis for use in the current PTF groundwater flow model.  Canal leakage model input values are discussed in 
Section 14A.4.7. 

14A.3.3.1.5 Permitted Recharge Facilities 

There is one permitted Underground Storage Facility (USF) no. 70-431125 within the PTF model study area.  
The USF is permitted to recharge 135 acre-feet per year (AFY) of reclaimed wastewater generated at the 
North Florence Wastewater Treatment Plant operated by the Town of Florence.  The location of the North 
Florence recharge facility is shown on Figure 14A-1.  Permitted USFs seldom operate at the maximum 
permitted volume on a continuous basis, and typically are permitted for excess capacity to allow for facility 
expansion.  Based on ADWR records, the Town of Florence groundwater Long-Term Storage Account 
increased by a total of 73 acre-feet between 2007 and 2010 due to recharge from this facility. 

The amount of recharge contributed by the North Florence USF is relatively insignificant compared to the 
recharge received from the nearby Gila River, which can fluctuate by as much as 10,000 to 100,000 AFY.  
Consequently recharge from the North Florence USF was not included in the current PTF groundwater flow 
model. 

14A.3.3.1.6 Agricultural Returns 

Because much of the agricultural land within the PTF model domain is irrigated by flood (furrow) methods, 
typical irrigation efficiency is assumed by ADWR to be in the range of 65 to 70 percent, which means that 30 
to 35 percent of all water applied to the surface infiltrated beyond the root zone and is recharged to 
groundwater.  Because there is a relatively large volume of irrigation water used within the study area, 
agricultural returns are a significant source of recharge used in the model.  Irrigation return data used in the 
model were compiled by ADWR for the ongoing update of the Pinal AMA groundwater flow model and 
were provided by ADWR on a provisional basis for use in the current PTF groundwater flow model.  
Agricultural return model input values are discussed in Section 14A.4.7.  
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14A.3.3.2 Outflows 

14A.3.3.2.1 Groundwater Pumping 

Groundwater pumping is the principal outflow of groundwater within the study area.  Pumping for irrigation 
generally makes up more than half of the groundwater extracted from the aquifer on an annual basis.  
Groundwater pumping data used in the model were compiled by ADWR for the ongoing update of the Pinal 
AMA groundwater flow model and were provided by ADWR on a provisional basis for use in the current 
PTF groundwater flow model.  Pumping data from 1984 to 2006 was compiled by ADWR from San Carlos 
Irrigation Project (SCIP) reports and from the Registry of Groundwater Rights (RoGR) database.  Pumping 
data after 2006 was compiled by Brown and Caldwell from the ADWR wells 55 database, specifically the 
pump-year data within that database.  Annual groundwater extraction within the study area ranges from 
21,100 to 73,100 AFY. 

14A.3.3.2.2 Evapotranspiration 

Evapotranspiration is associated with vegetation along the Gila River.  Due to the depth of the water table, 
evapotranspiration from the aquifer is minimal.  Significant evapotranspiration only occurs during flood years 
when water levels in, and adjacent to, the Gila River channel are higher than the evapotranspiration extinction 
depth.  Evapotranspiration data used in the PTF groundwater flow model were compiled by ADWR for the 
ongoing update of the Pinal AMA groundwater flow model and were provided by ADWR on a provisional 
basis for use in the current PTF groundwater flow model.  The evapotranspiration rate used by ADWR 
(1990) is discussed in Section 14A.4.7.    

14A.3.3.2.3 Underflow 

The PTF model domain does not encompass the entire Eloy sub-basin; consequently, underflow identified by 
ADWR (2010) does not represent underflow simulated at the perimeter of the PTF study area.  Underflow 
out of the 124 square mile study area is comprised of underflow from the study area toward the south and 
west into the broader Eloy sub-basin, and underflow northward into the SRV.  Estimates of underflow were 
calculated by examining measured groundwater gradients over time. 

14A.3.4 Groundwater Elevations and Gradients 

Hammett (1992) reported that prior to about 1900, the groundwater system in the PTF study area was in 
dynamic equilibrium, with the amount of water entering the groundwater system approximately equal to that 
extracted, with no appreciable change in storage.  During the pre-development period (circa 1900), the 
general direction of groundwater flow through the PTF study area was from the east-southeast to the west-
northwest, with a gradient of 8 or 9 feet per mile (Hammett, 1992). 

By the 1980s, the groundwater flow direction and gradient had changed from that observed in the pre-
development period (circa 1900) to a more pronounced southeast to northwest pattern, toward areas of 
greatest groundwater pumping.  By the 1980s flows in the Gila River had also been eliminated in all but the 
wettest years, limiting infiltration of river water into the basin-fill sediments to periods of flooding. 

In 1995, Brown and Caldwell (1996a) observed that groundwater flow was generally to the northwest at an 
approximate gradient of 33 feet per mile in alluvial units in the northern portion of the PTF study area.  
Montgomery (1994) reported the hydraulic gradient across the proposed PTF well field to range from 
approximately 25 to 65 feet per mile in the UBFU and LBFU. 

Beginning in the fall of 1995, Brown and Caldwell has conducted quarterly water level monitoring at the 
proposed PTF well field in conjunction with a quarterly groundwater quality monitoring program.  
Observations resulting from the water level monitoring program are described below. 
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Seasonal changes in groundwater elevations and flow direction were observed in each of the water producing 
zones beneath the PTF site.  Seasonal fluctuations in groundwater elevations in the LBFU and Oxide Zone 
have been as great as 20 feet, but typically range between 10 and 15 feet in magnitude.  Seasonal fluctuations 
in groundwater elevations in the UBFU are less pronounced, ranging between 5 and 8 feet. 

Hydrographs depicting seasonal groundwater elevation changes at the PTF site during the years 1996 through 
2011 are included in Attachment 14C Figures 14C-1 through 14C-31. 

Potentiometric surface maps depicting groundwater elevations and flow directions at the PTF site during the 
years 1996 through 2011 in each of the three water bearing units beneath the PTF site are included in 
Attachment 14C Figures 14C-32 through 14C-46. 

Recent hydrographs depicting groundwater elevations in four key wells located at and near Curis Arizona 
property are shown on Figure 14A-12.  These wells were selected as key wells based on the relatively 
extensive length of the monitoring record, and the distribution within the active portion of the model 
domain.  The water level data plotted in Figure 14A-12 was obtained from the ADWR GWSI database.  

Regional potentiometric maps depicting groundwater elevations and flow directions in the vicinity of the PTF 
site are included in Attachment 14C Figures 14C-1 through 14C-31.  Current (December 2010) groundwater 
gradients within the PTF study area range between approximately 12 feet per mile in the eastern and southern 
portions of the study area, to approximately 22 feet per mile in the northern portion of the PTF study area.  
Groundwater gradients at the site of the proposed PTF well field range between approximately 11 feet per 
mile in the UBFU and approximately 22 feet per mile in the Bedrock Oxide Unit, with a northwest 
groundwater flow direction in the UBFU, LBFU, and Oxide Zone. 

14A.4 Production Test Facility Groundwater Model 

14A.4.1 Production Test Facility Model Development 

The conceptual model described above was used as the basis to develop a numerical, three-dimensional (3-D) 
groundwater flow model that is representative of groundwater flow conditions within the PTF study area.  
The model development process consisted of the generation of both regional and local scale 3-D geologic 
models, which were then imported into the groundwater modeling software along with estimates of aquifer 
hydraulic properties and components of the hydrologic water budget.  Once the model was refined and 
calibrated, it was used to simulate pre-development (or steady state), historic, present day, and predicted 
future groundwater conditions under a variety of operating and closure scenarios. 

This section summarizes model specifications, model development, and the methods and assumptions used 
for estimating initial numerical model inputs.  An overview of the numerical model specifications are 
presented in Table 14A-3. 

14A.4.2 Computer Code Description 

The computer code used to simulate both groundwater flow and solute transport was MODFLOW-
SURFACT™ (Version 3.0), a modular, finite-difference, 3-D groundwater modeling program based on the 
U.S. Geological Survey (USGS) code MODFLOW (HydroGeoLogic, Inc., 1996; Harbaugh et al., 2000).  
MODFLOW-SURFACT™ adds additional features to the MODFLOW code in order to better simulate 
desaturation/resaturation of aquifers as well as unsaturated flow conditions.  MODPATH (Pollock, 1994) 
was used in conjunction with the results from the groundwater flow model to perform particle tracking 
simulations, which estimate the travel distances of the recharged water.  Groundwater Vistas™ Version 5.48 
(Environmental Simulations, Inc. [ESI], 2008) was used as the pre- and post-processor and was coupled with 
ArcGIS™ (ESRI, 2006) to facilitate the development of input files and analyses of model output.  The 
generation of 2-D gridded and contour data by geostatistical interpolation techniques (i.e., kriging) was 
performed using the Surfer® software package (Golden Software, Inc., 2008), which produces output that 
can be imported into the numerical model or geographic information system (GIS). 
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The transport and migration of sulfate was modeled using the Analysis of Contaminant Transport (ACT) 
modules, which are fully integrated and consistent with MODFLOW SURFACT™ (HydroGeoLogic, Inc., 
1996).  These modules are fully integrated with the MODFLOW-SURFACT code and greatly expand the 
capabilities of traditional MODFLOW-compatible solute transport modules by running simultaneously with 
the MODFLOW-SURFACT flow solution and allowing for advanced solute fate and transport mechanisms 
to be considered explicitly within the fully integrated MODFLOW flow solution. 

14A.4.2.1 Solution Techniques 

MODFLOW-SURFACT™ supports two solution packages: the Preconditioned Conjugate Gradient 
Version 4 (PCG4); and Version 5 (PCG5).  All model simulations presented in this report were generated 
using the PCG5 package. 

14A.4.2.2 Assumptions 

MODFLOW uses a finite-difference numerical method for solving a form of the 3-D groundwater flow 
equation.  This technique essentially solves for hydraulic head by discretizing the flow domain into a 
computational grid composed of orthogonal blocks, with a node located at the center of each block.  In 
general, the finite-difference approximation assumes that all hydraulic parameters, stresses, and inputs are 
constant over the area of a single cell and over the time elapsed during a stress period.  Likewise, calculated 
hydraulic head and groundwater fluxes are also averaged over the areal extent of a single cell.  Using the 
model for a specific application requires the definition of boundary and initial conditions, estimates of key 
hydraulic parameters, and groundwater inflows and outflows as a function of time. 

14A.4.2.3 Limitations 

Numerical solutions using MODFLOW-SURFACT™ are dependent upon the scale of the model grid, the 
time frame of interest, and the behavior of the various model inputs and boundary conditions.  For large-
scale applications such as the PTF Model, results may have limited usefulness in investigating groundwater 
issues with: 1) spatial scales smaller than a single cell or small grouping of cells; and 2) substantially varying 
groundwater stresses or inputs at a time scale less than a single stress period.   

Model cells are sized at 500 feet by 500 feet at the model periphery and telescope down to 12.5 feet by 
12.5 feet in size at the model center.  At 4.5 acres, the PTF well field represents roughly 1,254 model cells in 
size.  Consequently, the model grid discretization is fine enough to appropriately simulate groundwater 
conditions at the PTF well field scale and the domain is sufficiently large to ensure that regional and sub-
regional factors are considered in those simulations. 

Model stress periods vary in length.  Input datasets available from ADWR and other sources are typically 
compiled at annual intervals rather than monthly, weekly, or smaller time increments.  Input datasets were 
kept at one year intervals, and stress periods of various shorter lengths were used to simulate the 23-month 
active pumping period and portions of the five year post pumping closure period.  The model stress periods 
of one year are sufficient to simulate the impacts of PTF activities five years after closure. 

Large water level changes that are basin-wide, or intersect model boundary conditions, have the potential to 
introduce some error into the model results along basin boundaries due to large numbers of dry cells and 
losses of groundwater stresses, such as pumping or recharge.  However, such large water level changes within 
the Eloy sub-basin are more likely to occur during predictive scenario time periods based on committed 
demands and other administrative conditions rather than during the historical, transient time period to which 
the model was calibrated.  No large water level declines and associated loss of stresses were observed in the 
predictive model runs. 
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The finite-difference solution technique also assumes that the majority of groundwater flow occurs 
orthogonal to the cell faces, and error can be introduced into the simulation if significant vertical or oblique-
angle flow components are evident within a single layer at a local scale.  Extrapolation or interpolation of the 
model results over large time frames are subject to uncertainties inherent in long-term, transient, predictive 
model stresses.  Such uncertainties arise from differences in population growth and climatic conditions 
relative to predicted values for related groundwater pumping or recharge parameters.   

The use of a finite-difference modeling scheme applies stresses and inputs to the model evenly across a model 
cell.  Likewise, hydraulic parameters are uniform within a model cell, limiting the resolution of the model to 
the size of the grid.  The grid cell spacing for the PTF Model has a minimum 12.5 feet by 12.5 feet, equal to 
178,421 cells per square mile.  Model results, such as groundwater elevations or drawdown are also averaged 
across each model cell and may not be appropriate for assessing conditions at a small scale adjacent to major 
pumping stresses. 

14A.4.3 Model Domain  

The areal extent of the active PTF groundwater model domain is shown on Figure 14A-10.  The domain 
includes the PTF site and an area that extends at least five miles from the Site in all directions.  This domain 
was chosen because it includes a sufficient portion of the Eloy sub-basin to include key hydrographic features 
and boundaries affecting the PTF site and the immediate vicinity.  The PTF model domain extends from the 
Santan Mountains on the west, to the Tortilla Mountains on the east, and straddles the boundary between the 
Eloy sub-basin and the ESRV.  The PTF model domain is 10.4 miles across from north to south, and 
approximately 12 miles across from east to west, covering a total area of approximately 124 square miles.  The 
northernmost portion of the PTF model domain extends approximately three miles into the ESRV, with the 
southern seven miles extending into the Eloy sub-basin.  

Within this domain, mountains and mountain front regions are considered to be “no-flow” areas and are 
represented numerically as inactive cells.  Areal extent of the entire active PTF model domain is 
approximately 97 square miles.   

No continuity issues related to joining the boundaries of the ADWR Pinal and Phoenix AMA groundwater 
models were encountered.  No such issues were encountered because no effort was made to join and run the 
Pinal and Phoenix AMA models together to create the PTF groundwater model.  The 125 square mile PTF 
model domain only covers a very small fraction of the larger Pinal and Phoenix AMA groundwater model 
domains, which cover a combined area of approximately 6,600 square miles.  The effort required to join and 
run the Pinal and Phoenix AMA models was not warranted to simulate groundwater conditions at, or in the 
vicinity of the PTF site. 

Approximately 20 percent of the PTF model domain lies within the domain of the 1994 Phoenix AMA 
model; the remaining 80 percent of the model domain lies within the Pinal AMA groundwater model domain.  
Grid discretization, layering, and boundary conditions from the Phoenix AMA model were not incorporated 
into the PTF Model, but were analyzed to develop an understanding of ADWR interpretations of geologic 
and hydrologic properties.  Layering and boundary conditions from the Pinal AMA groundwater model were 
incorporated at the periphery of the model domain.  Updated geology and temporal head distributions 
recently developed by ADWR for the Phoenix and Pinal AMA groundwater model were used for 
construction and calibration of the PTF Model.   

During calibration of the PTF Model, both model heads and fluxes across the northern boundary were 
reviewed against the Phoenix and Pinal AMA model heads and fluxes for the same time period.  This 
comparison was one of many such comparisons performed during calibration of the PTF Model and showed 
that heads and fluxes predicted by the PTF Model and the Phoenix AMA model were consistent. 
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14A.4.3.1 Units and Coordinate System 

The PTF Model uses linear units of feet, temporal units of days, and all model features georeferenced within 
the State Plane NAD27 Central Arizona projection.   

14A.4.3.2 Boundary Conditions 

As stated previously, ADWR is in the process of updating the Pinal AMA groundwater flow model and has 
made selected data supporting that update available for use on a provisional basis for the PTF groundwater 
model.  ADWR no-flow boundaries were generally maintained along the front of the Santan and Tortilla 
Mountains, and a dewatered area of approximately five square miles in the southeastern portion of the 
domain.  No-flow boundaries to the northwest and northeast were refined from the ADWR data during the 
model layering process.  Areas within the interior of the PTF model domain that were too thin for saturation 
were converted to no-flow.   

GHBs were placed to represent the underflow from the Pinal AMA to the Salt River AMA to the north, and 
flow to the broader Eloy sub-basin in the southwest.  Reference heads for the GHBs were set to approximate 
groundwater elevations two miles away from the PTF model domain.  GHB cell widths, lengths, and 
thicknesses correspond exactly to individual grid cell dimensions.  Hydraulic conductivity for all GHBs was 
set to the hydraulic conductivity values for each model layer.  During model calibration, GHB reference 
heads were adjusted to produce a groundwater flow regime representative of regional water level elevations 
and gradients over time.   

14A.4.3.3 Model Grid Discretization and Layering 

The PTF Model grid consists of 298 rows and 305 columns covering an area of approximately 124 square 
miles.  Grid cell spacing has a minimum discretization of 12.5 feet by 12.5 feet in the area of the PTF site and 
telescopes out to 500 feet by 500 feet at the edges of the PTF model domain.  The model grid for the entire 
study area is shown on Figure 14A-13, and the grid in the vicinity of the proposed PTF well field is shown on 
Figure 14A-14.  The model is georeferenced in the coordinate system as noted in Section 14A.4.3.1. 

The hydrostratigraphy of the PTF Model is divided into 10 layers.  The top of the highest active layer at any 
location within the model represents ground surface.  Elevations were interpolated from a 30-meter Digital 
Elevation Model (DEM). 

Layers 1 and 2 represent the UBFU, layer 3 represents the MFGU, and, layers 4 and 5 represent the LBFU.  
Layers 6 through 10 represent the Bedrock Oxide Unit, with layer 6 representing the uppermost 40 feet of 
that unit, which is excluded from injection.   

Data used to determine layer contact elevations and extent was obtained from historic on-site corehole data 
(SRK, 2010), on-site well lithologic logs (Brown and Caldwell, 1996a), and geologic layering of the Pinal AMA 
model (ADWR, 1990).  The historic site corehole database includes Rock Quality Descriptions (RQD) data 
generated by previous owners of the Site of the past 40 years, and includes data from approximately 
700 on-site or near-site coreholes.  On-site well lithologic logs were developed in 1994 and 1995 when Brown 
and Caldwell (1996a) drilled and installed 52 exploratory wells and observation wells at the PTF site.   

In the vicinity of the PTF site, the corehole database was used to define the extent and thickness of the 
UBFU, MFGU, LBFU, and Bedrock Oxide Unit.  Throughout the remainder of the PTF model domain, the 
extent and thickness of the UBFU, MFGU, and LBFU were derived from the Pinal AMA (ADWR, 1990) and 
SRV (ADWR, 1993) groundwater flow models.   

The Bedrock Oxide Unit is not identified within the Pinal AMA model (ADWR, 1990) as a water bearing 
unit.  The extent and water bearing characteristics of the Bedrock Oxide Unit are defined entirely by data 
collected on site and near site during mineral exploration and ore body characterization activities.  The extent 
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and depth of the Bedrock Oxide Unit was interpolated from RQD data included in the historic corehole 
database, and was truncated or pinched out at appropriate structural features near the edges of the available 
corehole data coverage.  Bedrock beneath the Bedrock Oxide Unit and beyond the extent of the corehole 
data coverage is considered to be impermeable. 

14A.4.4 Stress Periods  

The calibrated model consists of 28 annual (365.25 days) stress periods from 1984 to 2010.  Stress period 1 is 
a steady state stress period that precedes the transient portion of the model representing conditions in 1900.  
Stress periods 2 through 28 represent the 1984 to 2010 time period.  The Adaptive Time-Stepping and 
Output Control (ATO4) package was utilized allowing for automatic time step generation.  Time steps were 
allowed to fall to a minimum of 0.1 days and grow to a maximum of 200 days using a 1.2 multiplier.   

The predictive model simulates the time period from 2012 through 2014, and consists of seven stress periods 
of various lengths.  The first two stress periods include 14 months of PTF operational pumping, and 
9 months of PTF well field rinsing.  The last five stress periods a one year in length and represent the 5-year 
closure period.  The ATO4 package was utilized to optimize time step sizes and improve model performance. 

14A.4.5 Initial Conditions 

The steady state stress period 1 uses the drain down method to solve for a steady state head array.  Since this 
array represents conditions from 1900, these heads are not allowed to carry over as starting heads for the 
transient portion of the model.  Instead water levels for the year 1984 were obtained from the GWSI 
database.  These data were then spatially interpolated, contoured, and attached to model grid nodes to serve 
as initial heads for the beginning of the transient portion of the model simulation.  Water table elevations 
were used for starting heads in every model layer.  Initial water level elevations are shown on Figure 14A-15. 

14A.4.6 Hydraulic Parameterization 

Horizontal hydraulic conductivity, vertical hydraulic conductivity, specific storage, specific yield, and porosity 
were used by ADWR in the Pinal AMA model (ADWR, 1990) for layers 1 through 5.  In layer 3 where the 
MFGU pinches out to the east, the model was assigned values associated with the UBFU rather than those of 
the MFGU because as bedrock elevations rise, the LBFU thins in this area.  Bedrock Oxide Unit and fault 
hydraulic conductivity and porosity values were derived from aquifer tests conducted in 1994 and 1995 
(Brown and Caldwell, 1996a).  Figures 14A-16 through 14A-25 show the hydraulic conductivity distribution 
for each model layer. 

14A.4.7 Sources and Sinks 

The PTF Model contains groundwater sources of recharge and underflow.  Groundwater outflow is 
represented in evapotranspiration (ET), wells, and underflow.  Recharge was directly imported from the 
ADWR Pinal AMA model.  The ADWR recharge array represents recharge from the Gila River, agriculture, 
canals, Gila River Indian Community, and Picacho effluent.   

To estimate recharge derived from Gila River flows, ADWR calculated the difference between flow at the 
Ashurst-Hayden Spilled and Sluiced gage and the Laveen or Maricopa gage (Maricopa was used post-1995), 
and distributed it in a non-linear fashion across each reach of the river based on reach specific parameters.  
This method assigns a fixed percentage of Gila River recharge to each model cell based on the length of river 
segments assigned to each model cell, relative to the total length of the river within the model domain.  The 
ADWR methodology results in larger volumes of Gila River derived recharge to the regional aquifer system 
in the upper reaches of the river, which is consistent with physical observations of conditions in the 
groundwater basin.   
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Recharge values included in the ADWR recharge array for the year 1993 are provided as example estimates of 
groundwater recharge derived from Gila River flow during that year.  Gila River flow in 1993 was more than 
six times greater than the long-term annual average flow, and was greater than any recorded annual flow 
before or since.  For the year 1993, the ADWR recharge calculation method yields a recharge range of 
approximately 447 to 17,363 acre feet per model cell for the uppermost 25 miles of the Gila River, and 74 to 
9,986 acre feet per model cell for the lower 25-mile portion of the Gila River.   

In the vicinity of the PTF site, groundwater recharge derived from Gila River flow during 1993 ranged from 
6,930 to 12,221 acre feet per model cell.  In the ADWR groundwater model, four model cells measuring 
0.5 miles square are located adjacent to the south side of the PTF site.  This recharge represents a small 
fraction of the total recharge of approximately 364,400 acre feet received from the Gila River within the 
125 square-mile domain of the Curis Arizona groundwater model for the year 1993. 

The Gila River induced recharge calculated by ADWR was reduced by half for input into the Curis Arizona 
groundwater model based on the assumption that Gila River flood flows during that year reached a limiting 
condition with respect to the amount of recharge that was able to infiltrate to the regional aquifer system.  
This adjustment was made to the ADWR recharge value for 1993 because direct application of the ADWR 
recharge for that year caused groundwater elevations to rise significantly higher than observed levels.  The 
ADWR recharge values were not adjusted for any other year of the 28-year simulation period. 

In 2010, total recharge within the model domain was 35,405 acre feet.  The total recharge for 1993 within the 
model domain was 184,254 acre feet after adjustment.  

Evapotranspiration was also imported directly from the ADWR Pinal AMA model.  Evapotranspiration was 
applied in the western portion of the model along the Gila River with a rate of 0.015 feet per day, with a 
30-foot extinction depth.  However, this extinction depth results in little evapotranspiration in the model. 

GHBs represent underflow into the SRV to the north and underflow to and from the remainder of the Eloy 
sub-basin in the southwest. 

Provisional data provided by ADWR (2010) included pumping values derived from SCIP reports for the 
period of 1984 to 2006.  These data were then extended to 2010 by assuming 2006 pumping values for 2007 
through 2010.  ADWR (2010) also used pumping data from the RoGR database for 1984 through 2006.  
These pumping values were not extended into 2010; instead pumping data for 2007 and 2008 were obtained 
from the pump-year dataset within ADWR’s wells 55 database.  The 2008 pumping values obtained from the 
pump-year dataset were then extended for 2009 and 2010.  Model water budget elements within the study 
area are shown on Figure 14A-26. 

14A.5 Model Results and Calibration 

14A.5.1 Approach 

Calibration is the process of adjusting model parameters to achieve a good match between the simulated and 
observed hydraulic heads or other relevant hydrologic data such as water budget components.  These 
observed data are called calibration “targets”.  Initial estimates for hydrogeologic parameters are varied within 
an observed or estimated range of values to improve the model’s ability to simulate these targets. 

The calibration exercise is completed prior to performing predictive simulations to provide confidence that 
the model is capable of simulating the historical and observed groundwater conditions.  The range of 
plausible estimates for hydrogeologic parameters provides constraints on the calibration exercise to ensure 
that inputs remain defensible, and to limit the non-unique nature of the model results to a set of realistic 
input conditions.  The adjustable model variables include hydrogeologic parameters such as hydraulic 
conductivity, specific storage, and specific yield. 
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The model was calibrated from 1984 through 2010.  Additionally a qualitative steady state calibration was 
performed for conditions in 1900.  Water level elevations from the GWSI database and PTF site water level 
monitoring data were used as calibration targets.    

14A.5.2 Qualitative Calibration 

Prior to the calculation of calibrations statistics, a qualitative review of the model-calculated flow regime was 
performed to assess the general groundwater flow system and to provide a subjective indication of the 
agreement between model-calculated groundwater elevations and flow gradients relative to observed 
conditions.  This qualitative review was performed for the steady state simulation as well as the initial set of 
transient calibration simulations. 

Initially, a steady state calibration was used to match regional groundwater levels across the PTF model 
domain by adjusting the GHB conditions.  Steady state water levels for the year 1900 provided by ADWR 
were used as the qualitative calibration target.  Steady state water levels range from a high of approximately 
1,500 feet amsl where the Gila River enters the PTF model domain, to a low of approximately 1,380 feet amsl 
where the Gila River exits the model.  Model simulated water levels generally had good agreement between 
regional groundwater elevations and flow directions.  Groundwater flow proceeds from the east and 
southeast edges of the PTF model domain towards the west and northwest.  This flow regime is consistent 
with the conceptual model, which assumes that the bulk of model inflows are from Gila River flows and 
incidental recharge from irrigated lands within the PTF model domain.  The dominant outflow components 
are groundwater underflow along the north and west model boundaries, where the model domain adjoins to 
the regional aquifer systems for the SRV and central Pinal AMA groundwater basins, respectively.   

14A.5.3 Simulated Water Levels and Quantitative Calibration 

The quantitative analysis of the model calibration utilized both statistical measures of model residuals and 
direct comparisons of simulated and observed water levels to assess the accuracy and precision of the PTF 
modeling tool.  Variations between the simulated and observed water levels were analyzed as functions of 
space and time.   

14A.5.3.1 Calibration Statistics and Targets 

Groundwater elevations and depths to water recorded for monitoring well locations within the model domain 
were compiled in a GIS-compatible database (geodatabase).  The integration of the water levels with GIS 
coverages of well locations allows for the interpretation of water level trends both spatially and temporally 
during the model development and calibration process.  Two sources of observed water levels were 
combined into the PTF Model water level geodatabase: 1) ADWR’s GWSI database; and 2) the water level 
database for the PTF site that has been maintained by Brown and Caldwell since 1995.  The compiled water 
levels were used to develop interpolated water level distributions at various times and serve as target values 
for the quantitative model calibration.  The recorded water levels from ADWR’s GWSI database were 
primarily used during the calibration of the regional groundwater flow regime; whereas, the more localized 
and higher resolution distribution of water levels and monitoring wells from the PTF database were used in 
refinement of the localized calibration for the refined portion of the model grid surrounding the PTF well 
field. 

Although water levels from wells located outside of the PTF model domain were used to conceptualize 
regional flow conditions and identify temporal water level trends along model boundaries, these data were 
removed from the final target data set.  Likewise, water level data from wells located within model no flow 
areas were also removed, as no simulated water levels were produced for these areas.  Target wells were 
assigned to specific model layers based upon their total depths and assumed or known screened intervals to 
improve the vertical resolution and accuracy of the final model calibration. 
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Following calibration of the model to industry accepted standards (Anderson and Woessner, 1992), water 
levels from wells located within cells that had “dried out” by the end of the simulation were also removed 
from the target data set.  These wells were all located in regions of the model where saturated aquifer units 
thin to the point where they should no longer be considered to be significant component of the regional 
aquifer system.   

Generally, American Society of Testing Materials (ASTM) standards were followed whenever possible during 
the quantitative calibration of the model (ASTM, 2008).  During calibration, residuals are calculated to assess 
the “fit” of the model-calculated (or simulated) heads to those actually observed.  A residual is defined as the 
observed (or field-measured) water level minus the simulated water level at the same location.  Positive 
residuals represent a model-calculated head value that is lower than the observed head value, and negative 
residuals represent a model-calculated head value that is higher than the observed value.  A residual value of 0 
represents a perfect fit between the model-calculated and observed values.  During calibration, the goal is to 
minimize the residual statistics while remaining within the acceptable range for water budget components, 
hydraulic parameters, and flow regime requirements. 

Plotting the residuals on a map with simulated water level contours provides an indication of the spatial 
distribution of model error and helps guide the calibration process.  Trends in the distribution of error, such 
as clusters of values that are all too high or too low, indicate spatial bias.  The spatial distribution of PTF 
model residual values for 2008-2010 is shown on Figure 14A-27 along with simulated water levels.  From 
review of the residual distribution for this time frame as well as all simulated model time frames, no 
substantial spatial bias was observed that would significantly affect the results of predictive simulations. 

Calibration statistics based on the residual values are used as a quantitative measure of the overall ability of 
the model to match calibration targets.  Calibration statistics that were calculated to quantify the average error 
included:   

 Absolute Residual Mean (ARM), the arithmetic average of the absolute value of the residuals; 

 Residual Mean (RM), the arithmetic average of the residuals; and 

 Residual Standard Deviation (RSD), the standard deviation of the residuals. 

When the ratio of the ARM to the range of observed head values in the system is small, discrepancies 
between simulated and observed values comprise only a small part of the overall model response (Anderson 
and Woessner, 1992).  One of the goals of the quantitative calibration process was for the ratio of the ARM 
to the range in observed heads to be less than five percent for any given calibration period.  Total interpreted 
head change across the PTF model domain is approximately 400 feet based on the range of observed heads 
over the full 28-year model simulation time period; therefore, the ARM should be less than 20 feet to meet 
this goal.  A listing of the key calibration metrics for the PTF Model is presented in Table 14A-5.  All 
calibration statistics and metrics are reflective of the water level target values for the entire simulation time 
period of 1984 through the end of 2010.  The ARM is approximately 12 feet, producing a ratio of ARM to 
observed head range of three percent, well below the predefined calibration goal.  The principle industry 
standards for model calibration are an ARM/Head Range of less than 5 percent and a RSD/Head Range of 
less than 10 percent.  Model calibration metrics are well within industry standard guidelines for successful 
model calibration.   

14A.5.3.2 Simulated Water Level Conditions 2010 

Simulated water levels at the end of the calibrated model simulation time frame (end of 2010) are shown on 
Figure 14A-27.  The model reproduces the general flow gradients and absolute water level elevations 
throughout the PTF model domain.  Simulated flow gradients are generally directed along the course of the 
Gila River and flow exits the PTF model domain along the northern and western GHBs.  By the end of the 
simulation time period, groundwater underflow into the PTF Model is observed along the southern model 
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boundary.  Localized pumping and Gila River recharge produces a saddle-shaped water table feature in the 
central portion of the PTF model domain, causing diverging flow gradients to the north towards the PTF site 
and towards the south and the central portion of the Pinal AMA regional aquifer system.  Overall, the 
simulated groundwater conditions match the conceptual understanding of the water levels and flow within 
the Eloy sub-basin, as well as matching observed water level measurements. 

14A.5.3.3 Simulated Water Budget 

The simulated water budget for the PTF study area for 1984, 2003, and at the end of the calibrated time 
period in 2010 is presented in Table 14A-6 and for the entire simulation time frame in Figure 14A-28.  Water 
budget components that exhibit the largest changes from 1984 to 2010 include storage, fluxes from general 
head cells, and recharge.  Recharge in 1984 represents a “wetter” year and therefore storage outflows 
represent addition of water to aquifer reserves.   

Inflows from storage in 1984 were very low or negligible because that year followed a high precipitation year 
during which the Gila River experienced extremely high flood flows.  These flows and high precipitation 
caused a large amount of groundwater recharge along the course of the river and also caused a reduction in 
the amount of agricultural pumping.  The net effect was that groundwater levels rose throughout the model 
area, hence the large amount of storage outflows (refilling of the regional aquifer) and no storage inflows (no 
net aquifer depletion).  The recharge and pumping reduction was so pronounced for this year that there was 
no simulated groundwater depletion at the spatial scale of the model cells.  Higher fluxes in the general head 
cells in 1984 corroborate with higher water levels and increased flows out of the study area. 

In the lowest recharge year of the simulation time frame (2003), storage inflows represent depletion of the 
aquifer, pumping increases, and there is a drastic reduction in general head flux out of the study area 
compared to 1984.  Although 2003 was a dry year, the relatively higher GHB flux out of the study area 
represents continued drain down of recharge received in earlier years.  The year 2010 has recharge value 
typical of an average year and fluxes adjust accordingly compared to 1984 and 2003. 

14A.6 Predictive Simulations      

The calibrated PTF Model was adjusted to simulate and predict future conditions at and in the vicinity of the 
PTF well field.  This was accomplished by keeping all model groundwater fluxes at 2010 magnitudes and 
distributions and shifting the time frame to cover a specified future period of time.  Two predictive scenarios 
were developed to assess 1) the migration potential of groundwater away from the PTF well field using a full 
fate and transport model and advective particle tracking, and 2) the impact of groundwater containment 
pumping over the estimated, cumulative 23-month timeframe of PTF activities and rinsing periods.  

14A.6.1 Predictive Scenario Development 

Two predictive scenarios were developed that differ primarily by the presence or absence of containment 
pumping at the PTF well field over a 23-month timeframe.  These two scenarios and associated simulations 
are identified as “pumping” and “no pumping”, respectively.  For the pumping predictive simulation, an 
additional 5 years (2014 through 2019) was included after the initial 23 months to facilitate the simulation of 
potential post-closure sulfate transport.   

Simulation of the future DIA was performed using modeled groundwater conditions that prevailed following 
cessation of PTF pumping.  For the advective particle tracking analysis, the 3-D groundwater flow field at the 
end of the calibrated model (end of 2010) was used to simulate flowpaths after pumping had stopped.  A 
comparison of the results of the PTF pumping and agricultural-only pumping predictive scenarios over the 
23-month PTF well field life allowed the estimation of the impact of PTF pumping on future water levels by 
comparing simulated water levels both with and PTF operations at the end of the 23-month period.   
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14A.6.2 Discharge Impact Area 

The DIA is defined in Arizona Revised Statutes (A.R.S.) § 49-201 as the “potential areal extent of pollutant 
migration, as projected on the land surface, as the result of discharge from a facility.”  The simulated DIA is 
based on the potential areal extent of sulfate migration from the proposed PTF facility following completion 
of copper recovery and restoration activities.  The DIA was defined using sulfate because the proposed 
lixiviant is a sulfuric acid based solution, and over the life of the proposed PTF project, a substantial quantity 
of the lixiviant will be circulated through the associated ore body.  By mass, sulfate comprises the greatest 
quantity of material to be removed during restoration activities.    

Site restoration activities consist primarily of post-production rinsing of the ore body using native 
groundwater to remove residual lixiviant and residual constituents dissolved by the lixiviant.  During 
restoration, rinsing the pH of the residual fluids will rise to the point that it is near background levels.  As the 
pH rises, constituents of interest such as metals will complex out of solution or otherwise precipitate in 
insoluble forms.  There is expected to be sufficient gypsum precipitated in the ore body during PTF 
operations to ensure that sulfate will exist in residual formation water in substantial quantities as the other 
constituents are immobilized by the elevated pH.  Geochemical modeling presented in Attachment 10 has 
demonstrated that no constituent other than sulfate will migrate to the POC after cessation of PTF 
operations. 

Simulation of the future migration of sulfate and delineation of the DIA was performed using the 
MODFLOW SURFACTTM ACT module, described in Section 14A.4.2, fully coupled with the transient 
groundwater flow simulated for the pumping predictive scenario.  Post-closure sulfate mass was allowed to 
migrate through and away from the PTF well field via advection, dispersion, and diffusion for 5 years, 
commencing immediately after the cessation of containment pumping.  The horizontal distribution of initial 
sulfate concentrations is shown on Figure 14A-29.  The discretization of model layers relative to the 
hydrostratigraphic units described above is shown on Figure 14A-30.  Figures 14A-31 through 14A-36 show 
the maximum extent of sulfate migration at the DIA concentration criterion of two milligrams per liter 
(mg/L) above background in each model layer with sulfate concentrations above that level.   

Sulfate transport simulations did not result in any sulfate migration into model layers 1 through 4 
(Figure 14A-30), which represent the upper portion of the LBFU or the UBFU.  Transport simulations 
indicate that following restoration, sulfate generally remains confined to the Bedrock Oxide Unit, with limited 
migration into the LBFU over time.  The maximum extent of sulfate migration in the Bedrock Oxide Unit is 
shown on Figure 14A-37, and for the LBFU on Figure 14A-31   

The DIA is the vertical projection of the maximum aerial extent of sulfate migration from the PTF well field 
at 5 years after closure in all model layers combined.  Combination of the sulfate migration extent in each 
model layer results in a composite image of the maximum horizontal extent of sulfate migration 5 years after 
PTF well field closure.  As described above, beside sulfate, no other residual water quality constituents are 
transported beyond the PTF well field boundary once restoration has been completed.  The DIA as defined 
by sulfate migration 5 years after PTF well field closure is shown on Figure 14A-38. 

14A.6.2.1 Transport Simulation Initial Conditions and Parameters 

Geochemical modeling originally performed by Brown and Caldwell (1996b), and subsequently updated as 
presented in Attachment 10 to this application, has demonstrated that the process of post-production rinsing 
of the ore body to a target sulfate concentration of 750 mg/L, will remove other constituents of interest from 
the ore body to near background concentrations, or below AWQS levels.  For this reason, proposed 
restoration activities include rinsing of the ore body until sulfate concentrations reach a level of 750 mg/L, at 
which point restoration will be complete.  Therefore, for the purposes of the transport simulation, this sulfate 
concentration was used as an initial condition and was emplaced in model layers 7 though 10 within the 
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boundaries of the PTF well field (Figure 14A-27).  This distribution of initial sulfate concentrations 
represents the volume of Bedrock Oxide Unit targeted for injection and recovery and excludes the uppermost 
40 feet of the Bedrock Oxide Unit.   

A uniform dispersivity value of 10 feet was used for all model cells, and a uniform diffusion coefficient of 
1 x 10-3 ft2/day was also applied.  The transport of sulfate was assumed to be fully conservative; therefore, 
no solute degradation was considered in the simulation and all model cells were assigned a sulfate distribution 
coefficient of zero.  Porosity of the basin fill porous media, as well as the oxide and fault zones, are presented 
in Table 14A-4 and range from 0.05 for the lower oxide to 0.20 for the LBFU. 

14A.6.2.2 DIA Evaluation Criterion 

The DIA described herein is defined by the Practical Quantitation Limit (PQL), for sulfate concentration as 
determined by USEPA Test Method 300.  The current PQL for sulfate analyses performed by the laboratory 
used for site water quality analyses (Test America, Phoenix) is 2.0 mg/L.  Consequently, the laboratory cannot 
certify sulfate analytical results below this concentration, and cannot reliably reproduce analytical results with 
a precision of less than 2.0 mg/L using USEPA Test Method 300.  Therefore, the greatest areal extent of 
sulfate migration as a result of operation of discharging facilities proposed under this APP application was 
defined at a sulfate concentration of 2 mg/L above background conditions.   

14A.6.2.3 Results of DIA Transport Simulation 

For model layers 1 through 4 (representing the UBFU, MFGU, and upper LBFU) (Figure 14A-28) there were 
no sulfate concentrations simulated to be greater than 2 mg/L above background conditions 5 years after 
closure.  The maximum extent of simulated sulfate concentrations greater than or equal to 2 mg/L above 
background for layers 5 through 10 are shown on Figures 14A-31 through 14A-36.  The simulated maximum 
distance of down-gradient migration of sulfate, approximately 150 feet beyond the edge of the PTF well field 
in the lower bedrock oxide unit (Layer 10).   

Although sulfate appears to migrate from the Bedrock Oxide Unit into the LBFU, sulfate concentrations in 
the LBFU were simulated to be substantially lower than those within the Oxide Bedrock Unit, reaching a 
maximum of less than 10 mg/L above background in a relatively small area (Figure 14A-31).  Sulfate 
concentrations in the Bedrock Oxide Unit 5 years after closure were simulated to be approximately 500 mg/L 
above background concentrations near the center of the PTF well field in model layers 7 through 10.  The 
transport distances and areal distribution of sulfate within the Bedrock Oxide Unit layers are relatively limited, 
migrating only approximately 150 feet down-gradient along the trend of the more permeable Sidewinder fault 
zone. 

14A.6.3 Particle Tracking 

14A.7 Water Level Impacts of ISCR 

Localized water level impact was defined as the change in simulated water levels at seven days after the end of 
PTF operations as a result of pumping within the PTF well field.  Water level impacts were calculated by 
subtracting the simulated water levels of the PTF Pump Scenario from the simulated water levels of the No 
PTF Pump Scenario (agricultural pumping only) after 23 months of future PTF pumping.  Water levels were 
allowed to recover for seven days following the 23 month pumping period.  This analysis of impact reflects 
the relative water level change due to pumping at the PTF well field without bias from regional hydrologic 
declines or increases.   

Pumping at the PTF well field was assumed to be a total of 60 gpm for a period of 14 months, and 260 gpm 
for a period of 9 months, distributed evenly the PTF well field.  This pumping represents the planned over 
pumping necessary to maintain hydraulic control during PTF operations.  To distribute the pumping evenly 
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across the site, four extraction points were used that are not intended to represent production phases or 
operational conditions.  The 43 extraction points represent an evenly spaced array that is used to distribute 
pumping evenly across the Site for the period of PTF operations.  Simulated water levels after 23 months of 
pumping reflect residual water level impact that is less than 1 foot and less than the ability of the model to 
quantify, given that regional water levels fluctuate between 1 and 4 feet in response to recharge form the Gila 
River and agricultural groundwater pumping.  Similar to the residual water level impacts simulated in the 
LBFU, water levels in the Bedrock Oxide Unit after 23 months of pumping are less than regional water level 
fluctuations induced by recharge irrigation pumping stresses, and are therefore indiscernible from background 
fluctuations.  

14A.8 Impacts from Off-Site Pumping 

This groundwater model was developed using site-specific and published regional geologic and hydrologic 
data.  The groundwater model included the most up to date groundwater pumping data available from 
ADWR at the time of model development.  ADWR is the official repository of groundwater data generated 
and reported throughout the State of Arizona.  No other entity, public or private, maintains as thorough or 
current hydrologic datasets, including groundwater pumping datasets, for the State of Arizona. 

As described above, groundwater pumping data used in the PTF Model were compiled by ADWR for the 
ongoing update of the Pinal AMA groundwater flow model and were provided by ADWR on a provisional 
basis for use in the PTF groundwater flow model.  Pumping data from 1984 to 2006 were compiled by 
ADWR from SCIP reports and from the RoGR database.  Pumping data after 2006 were compiled by Brown 
and Caldwell from the ADWR wells 55 database, specifically the pump-year dataset within that database.  
Future groundwater pumping conditions were simulated based on these historical records, and were projected 
into the future using annual stress periods. 

Given that the most current groundwater pumping data available were used to develop the PTF groundwater 
flow model, the groundwater elevation impacts on the proposed PTF facility resulting from off-site pumping 
are already represented in the PTF groundwater model.  Groundwater pumping represented in the PTF 
groundwater model was distributed at the locations identified by ADWR throughout the PTF model domain.  
ADWR assigned groundwater pumping to individual model cells where reporting wells were located.  The 
finite-difference approximation assumes that all hydraulic parameters, stresses, and inputs are constant over 
the area of a single cell and over the time elapsed during a stress period.  Likewise, calculated hydraulic head 
and groundwater fluxes, such as pumping, are also averaged over the areal extent of a single cell.  Within the 
PTF groundwater model, cells sizes range from 500 feet by 500 feet at the model periphery to 12.5 feet by 
12.5 feet in size at the PTF well field, in center of the model. 

Pumping trends, both on and off site were projected for a period of 23 months, using stress periods of 
various lengths.  Based on this simulation, off site pumping does not materially affect groundwater flow 
direction or gradients at the proposed PTF well field relative to current groundwater conditions, and will not 
materially affect PTF operations.   
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CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

Table 14A-1.  Application Attachments Addressing Hydrologic Study Requirements  
Defined in A.A.C. R18-9-A202A.8 

Requirement Addressed in Attachment 

8.a.i Attachment 14A (This Attachment) 

8.a.ii Attachment 12 

8.b.i Attachment 14A (This Attachment) 

8.b.ii Attachment 14A (This Attachment) 

8.b.iii Attachment 14A(This Attachment) 

8.b.iv Attachment 14A (This Attachment) 

8.b.v Attachment 14B  

8.b.vi Attachment 14B  

8.b.vii Attachment 14B  

8.b.viii Attachment 14B  

8.b.ix Does not pertain to the present application 

8.b.x Attachment 14A (This Attachment) 

8.b.xi Attachment 14A (This Attachment) 

8.b.xii Attachment 14A (This Attachment) 

8.b.xiii Attachment 14A (This Attachment) 

 
  



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

Table 14A-2.  Measured Hydraulic Conductivity Values for MFGU Samples 

Sample Name Date of Analysis 
Hydraulic Conductivity 

(cm/sec) 
Hydraulic Conductivity 

(ft/day) 

M16-60-300 October 11, 1995 5.0 x 10-9 1.41 x 10-5 

CMP-11-03, 283-288 ft  August 11, 2011 4.4 x 10-9 1.25 x 10-5 

CMP-11-03, 292.5-297.5 ft August 11, 2011 4.3 x 10-9 1.22 x 10-5 

cm/sec = centimeters per second 
ft/day = feet per day 

 
  



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

 

Table 14A-3.  Specifications of the PTF Groundwater Model 

Model Characteristics Specifications 

Active Model Domain ~ 97 Square Miles 

Units 
Time: Days 

Length: Feet (lateral and vertical) 

Coordinate System State Plane NAD27 Arizona Central 

Model Grid 
392 rows by 540 columns, 2,116,800 total cells, 1,646,985,860 active cells 

Origin  X: 622750  Y: 716500  (No rotation) 

Cell Size 12.5 x 12.5 feet up to 500 by 500 feet  

Layering –10 Layers 

Layer 1 and 2: UBFU 
Layer 3: MFGU 

Layer 4 and 5: LBFU 
Layer 6: Oxide Exclusion Zone 

Layer 7 through 10: Oxide 

Groundwater Flow Model 
Packages 

MODFLOW SURFACT (ver. 3), BCF4, ATO, BAS, GHB, PG5, RCH, WEL 

Solute Transport Packages Solution Fate and Transport: MODFLOW SURFACT - ACT Modules 

Simulation Time 

Steady State: ~1900 
Transient: 1984 to 2010 

Predictive: 6 Years and 1 month (14 months with hydraulic control pumping at 
the ISCR, 9 months formation rinsing pumping, and 5 years with no hydraulic 

control pumping during closure) 

Stress Periods (SP’s) 
Calibrated Model: 1 Steady State SP; 27 annual transient SPs 

Predictive Models: 7 SPs of varying lengths 

Recharge Variable, ranging from ~14,500 to ~188,200 AFY 

Wells 
General Head Boundaries along the central portion of the northern boundary, 
southern portion of the western boundary, and western portion of the southern 

boundary.  “No flow” conditions along remainder of model boundaries. 

Boundary Conditions Interpolated water levels from observed 1984 groundwater conditions 

Initial Conditions Contoured and kriged water levels from 1984 

Solution Method Preconditioned-Conjugate Gradient 5 (PCG5) 

 
  



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

Table 14A-4.  Aquifer Parameter Value Ranges by Model Layer 

 

Horizontal 
Hydraulic 

Conductivity 
Kx (feet/day) 

Vertical 
Hydraulic 

Conductivity 
Kz (feet/day) 

Specific Storage 
Ss 

(feet-1) 

Specific Yield 
Sy 

(Unitless) 

Porosity 
n 

(Unitless) 

Layers 1 and 2 
(UBFU) 

20 to 130 2 to 13 1e-5 0.13 to 0.2 0.13 to 0.2 

Layer 3 
(MFGU/UBFU) 

1 to 130 0.01 to 13 5e-6 to 1 e-5 0.08 to 0.2 0.15 to 0.2 

Layers 4 and 5 
(LBFU) 

5 to 25 0.5 to 2.5 1e-5 0.08 to 0.1 0.2 

Layer 6 1 1 1e-5 0.08 0.08 

Layer 7 0.57 0.57 5e-6 0.08 0.08 

Layer 8 0.57 0.57 5e-6 0.08 0.08 

Layer 9 0.1 0.1 5e-6 0.05 0.05 

Layer 10 0.1 0.1 5e-6 0.05 0.05 

Faults 2.51 2.51 5e-6 0.1 0.1 
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APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

Table 14A-5.  Transient Model Calibration Statistics 

 

Residual 
Mean (RM) 

(ft) 

Absolute 
Residual 

Mean 
(ARM) (ft) 

Residual 
Standard 
Deviation 
(RSD) (ft) 

Simulated 
Range of 

Heads 
Values 

(Range) (ft) RM/Range (%) 
ARM/Range 

(%) 
RSD/Range 

(%) 

1984 to 2010 -2.80 12.10 15.61 398 0.71 3.0 3.9 
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APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART B, GROUNDWATER FLOW MODEL (ITEM 19.H) 

 

 
 

 

Table 14A-6.  Simulated Water Budget Values 

Inflow Source 

1984 Simulated 
Water Budget 

(AFY) 

2003 Simulated 
Water Budget 

(AFY) 

2010 Simulated 
Water Budget 

(AFY) 

Recharge 116,776 14,538 35,541 

Storage - 47,831 12,749 

TOTAL INFLOWS 116,776 62,369 48,290 

Outflow Source 

1984 Simulated 
Water Budget 

(AFY) 

2003 Simulated 
Water Budget 

(AFY) 

2010 Simulated 
Water Budget 

(AFY) 

Evapotranspiration  0 0 0 

Pumping Wells 44,352 54,453 45,010 

General Head 
Boundary  

20,819 8,180 3,900 

Storage 55,183 - - 

TOTAL OUTFLOWS 120,354 62,633 48,910 
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APPLICATION FOR TEMPORARY INDIVIDUAL AQUIFER PROTECTION PERMIT 

ATTACHMENT 14A – HYDROLOGIC STUDY PART A, GROUNDWATER FLOW MODEL (ITEM 25.H) 

Exhibit 14A-1 

Aquifer Test Data, Volume II, Appendix E 
1996 Florence APP Application 
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1.0 INTRODUCTION

953-2908

This report presents the results of the interpretation of hydraulic tests in the area of Magma Copper

Company's (Magma) proposed in-situ mining project near Florence. Arizona. The purpose of this

report is to provide a technical basis for hydraulic parameter estimation for site characterization in

support of state and federal environmental review and permitting requirements.

This report has been prepared as a technical appendix to the Aquifer Protection Permit (APP)

Application document prepared by Brown and Caldwell (1995). As such, only hydrogeologic

information pertinent to test data interpretation is discussed in this report. The interested reader is

directed to the above reference for additional detail.

The analyses presented in this report are based on standard methods developed in the oil and gas

industry. These methods are applied to data collected and provided by Brown and Caldwell.

Interpretation of the field data is performed with the FLOWDIM™ software of Golder Associates.

This report is divided into three major sections. Chapter 2 presents the mathematical foundation for

the well test analysis. A brief discussion of each test and application of this theory to the aquifer test

at the Florence Site is presented in Chapter 3. Tables and graphical representation of these analyses

are provided in Appendixes A through C. The field <,tata used in these analyses are included in

electronic format in the attached diskette.

1.1 Background

Magma has undertaken field studies to characterize the hydrogeologic conditions near its proposed

in-situ mining site in the Poston Butte porphyry copper deposit. The proposed mine site is located

in the Basin and Range Physiographic Province of southern Arizona, in the Eloy Sub-basin of the

Pinal Active Management Area (AMA), and is about 1 mile southwest of Poston Butte and 2 miles

Golder Associates
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northwest of the Town of Florence, Arizona.

953-2908

The rock units in the study area range in age from Precambrian to Quaternary. The floodplain

alluvium is Quaternary in age and consists mainly of unconsolidated silt, sand, gravel and boulders.

The Cenozoic basin fill deposits have been divided into three major units; the Upper (UBFU),

Middle (MBFU) and the Lower (LBFU) Basin Fill Units. The UBFU is composed of unconsolidated

to weakly cemented, interbedded clay, silt, sand gravel and boulders. The thickness of the UBFU

ranges from 200 to about 500 feet in the vicinity of the mine site. The MBFU is a discontinuous

layer composed by silt and clay that varies in thickness from zero to about 80 feet. Weakly to

moderately cemented sand, silt and clay constitute the lower unit (LBFU). The thickness of this

latter unit varies from less than 50 feet on the east to about 800 feet to the west of the mine site. The

bedrock complex consists of quartz monzonite and granodiorite porphyry, and diabase, basalt and

other volcanic rocks.

Magma has retained Bro~n and Caldwell of Phoenix, Arizona to prepare the APP application for

the Florence in-situ project. As part of this APP-site characterization effort, Brown and Caldwell

has installed forty six (46) monitoring wells and seventeen (17) test wells around the site. Eight (8)

of these wells are completed within the UBF Unit, seventeen (17) within the LBF Unit and thirty

eight (38) within the bedrock complex.. To date, Brown and Caldwell has conducted twenty five (25)

aquifer tests which include monitoring wells as well as test boreholes. Magma requested that Golder

Associates assist Brown and Caldwell with the design and interpretation of the hydraulic tests

required as part of the APP process. Nineteen (19) aquifer test locations were selected for

interpretation. These locations cover the range of typical hydrogeologic conditions observed at the

site. The following sections present an overview of the theory and methods of interpretation, and

the analytical results for a portion of these aquifer tests.

Golder Associates.
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2.0 THEORY AND METHODS OF INTERPRETATION

Well testing provides a means of acquiring knowledge of the properties of hydrogeological

formations. In the process of a well test, a known signal (usually a change in flow rate) is applied

to the formation and the resulting output signal or response is measured (usually in terms of a

change in pressure). Well test interpretation is therefore an inverse problem in that the formation

parameters are inferred by comparing a simulated model response to the measured response. The

formation parameters are derived by adjusting the flow model parameters to obtain a simulation

response that matches the measured data. Clearly, there can be significant ambiguity and non

uniqueness involved in this process, as more than one flow model with different physical

assumptions and attributes may match the data. In most situations this can be minimized by careful

validation of the selected model using other data.

The overall methodology for the detailed well test analysis of the Florence Project data was as

follows:

the data set was divided into its major components, such as the drawdo\\'TI period

and the shut-in or recovery period;

appropriate parts were then analyzed separately, with different methods of analysis

for flow periods and shut-in periods;

the analyses of the different periods were checked for consistency.

2.1 Analysis of Recovery Period

The analysis of recovery (shut-in) periods is usually based on the assumption that the shut-in period

corresponds to an event of zero flow rate following a fixed period of known finite, constant flow
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rate. If the flow rate prior to the shut-in period is variable, then this flow history can be included in

the analysis by using the superposition of a number of different but constant flow rates of different

durations.

The next step in an hydraulic test analysis involves the selection of an appropriate flow model. these

models are generally divided into three basic components.

inner boundary conditions (i.e., wellbore storage and skin effects, and fracture flow

effects);

formation flow component (i.e., homogeneous formation, dual porosity, and

composite model);.

outer boundary conditions (i.e., infinite extent condition, no flow or constant pressure

conditions).

In practice, recognition of a suitable model is performed using diagnostic plots. The data are plotted

in different coordinate systems (such as, log-log plots, semi-log Horner plots, etc.) to help the analyst

identify the appropriate model from the shape of the data. One key diagnostic plot is the derivative

plot where the derivative of the pressure with respect to the naturallogarithrn of elapsed time is

plotted against the log of time. The pressure derivative is extremely sensitive to the shape of the

pressure data and as such constitutes the most useful tool for diagnostic purposes. For example, a

horizontal line on a derivative plot (presented in a log-log scale) indicates infinite-acting radial flow

behavior.

Data from shut-in periods are examined in both log-log and semi-log diagnostic plots. This approach

allows the analyst to review the characteristics of the shut-in period. For example, when the effects

of the pre-test injection/extraction flows during drilling are significant. the shut-in pressure data

reach a peak before starting to decline at late time. This form of data is referred to as a "rollover' and
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can be easily diagnosed on the log-log and semi-log plots. The log-log and the semi-log diagnostic

plots are also used to fit selected portions of the shut-in data with appropriate straight lines and

obtain initial estimates of fonnation parameters.

After the flow model has been selected, the quality of the fit of the data 'With the model response

(called 'type curves') is adjusted by using automated regression methods. During this.stage of the

analysis, the entire data from the selected shut-in period is considered. However, during the final

regression stages, emphasis is always placed on the fit of the type curves to specific portions of the

data. Judgment of the relative goodness of fit to specific portions of the shut-in data comprises one

of the most important aspects ofthe automated data fitting procedure. Once a suitable and consistent

fit of the data is obtained to the type curves, the fit is reviewed for final refinement. The entire

measured data set from the shut-in period generated using the best flow model parameters derived

from the shut-in analysis is displayed in a cartesian plot.

After the flow model has been selected and a consistent set of analysis results obtained, a sensitivity

analysis could be conducted. This exercise is designed to quantify the likely uncertainty in the

estimated hydraulic conductivity. When carried out, it helps to detennine the range of the parameter

within which a reasonably good fit is retained between the model response and the data. The ranges

of this parameter therefore reflect uncertainty in the analysis.

2.2 Analysis of Drawdown Period

If a sufficient hydraulic head change is achieved during the drawdown period, the available data were

analyzed as a constant discharge test. Otherwise, the data were not use in the interpretation.

In an analysis of the main flow period, the source signal is assumed to be in the fonn of an

instantaneous pressure change from undisturbed in-situ conditions. The data for this flow period is

the measured hydraulic head decrease during the test resulting from fluid extraction from the
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fonnation. The analysis used a simple set of type curves which correspond to a single interpretation

model:

.. inner boundary condition: wellbore storage and skin;

fonnation: homogeneous; and

outer boundary condition: infinite lateral extent.

Only one of two parameter sets can be determined from this analysis: hydraulic conductivity and

wellbore skin (the static water level being an input parameter for this analysis) or hydraulic

conductivity and storativity. The best fit of the data to the type curves therefore corresponds to

finding the optimum set of the two output parameters.

The following section (Section 2.3) describes- the general theory underlying hydraulic test analysis.

Section 2.4 presents the governing equations and related assumptions. The parameters for various

flow models are discussed in Section 2.5. Section 2.6 outlines general methods that are applied to

the analysis of hydraulic tests. The reader interested in the specific methodology of detailed test

interpretation is therefore directed to Section 2.6.

2.3 Theoretical Background

The purpose of this discussion is to provide a summary of the mathematical and physical background

of the aspects of well test analysis that are relevant to the Florence Site. The presentation is divided

into three parts:

Part one defines the basic rock and fluid parameters used in the analysis of transient well tests

(Section 2.3.1). The second part presents the 'diffusion equation' that governs the flow in porous
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media. identifies its underlying assumptions, and describes some special solutions (Section 2.4).

Data analyses of Florence hydraulic tests are based on various solutions of the diffusion equation.

Finally, the third part describes the interpretation models that have been applied to analyze the

Florence hydraulic test data (Section 2.6).

Aspects of theoretical well testing have been documented in numerous papers and textbooks. both

in the petroleum engineering and the groundwater literature. The interested reader is directed to the

following summarizing references: Kruseman and de Ridder (1991) and Dawson and Istok (1991)

for theoretical aspects of pump test analyses written mainly for the 'hydrogeology audience' and

Earlougher (1977), Streltsova (1988), Home (1990) and Sabet (1991) targeted mainly at the

'petroleum fonnation evaluation audience.'

2.3.1 Rock and Fluid Properties

2.3.1.1 Porosity and Compressibility

Fluid properties such as water compressibility, density, viscosity, and in some cases the thennal

expansion coefficient, have to be estimated prior to analysis of the test data. Fonnation

compressibility and porosity must be known (or a reasonable value assumed) in order to analyze

transient tests and to obtain estimates for the skin coefficient.

Rock porosity, <1>, is defined as the ratio of the void volume to the total bulk volume. For analysis

of fluid movement the effective porosity of the rock is used. It represents the interconnected volume

of pores available for fluid transport. For the Florence hydraulic tests, it was assumed that the

average porosity of the Oxide and unconsolidated alluvial sediments is 0.05 and 0.10 respectively.

Fractured reservoir rocks can be represented as comprising of two overlapping continua with

different porosities. One is the intergranular matrix porosity and the other is the porosity created by

the void spaces of fractures. These two types of porosity are called primary and secondary porosity
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respectively. The total porosity (or total effective porosity) of the double-porosity system is the sum

of the primary and secondary porosities. Laboratory measurements on various types of fractured

rock have shown that the fracture porosity is usually significantly less than the matrix porosity (von

Golf-Racht, 1982)

The isothennal compressibility of water (and rock) is generally defined as:

1 dV
c = V dplr 2.1

where the derivative is taken under the condition of constant temperature. In Eq. 2.1, V is the total

volume of a given mass of material, and dV is the instantaneous change in volume induced by an

instantaneous change in pressure dP.

The total compressibility of the rock-fluid system with 100% water saturation is made up of two

components;

where:

CT = total compressibility Pa-\

Cw = compressibility of water Pa-\

CR = compressibility of rock Pa-\

2.2

Total compressibility was assumed equal to 5.4 x 10-4 Pa-\ for the analyses of the aquifer tests at the

Florence site. Water compressibility data are readily available as a function of salinity, temperature

and pressure. The correct estimation of the rock compressibility, however, is difficult. Data in the
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literature cited in Belanger et al. (1989) give a possible range of the fractured rock compressibility

as 2.0 x10-9 kPa-' to 2.0 x 10-5 kPa-'.

Specific storage, Ss, of a saturated confined aquifer is defined as the volume of water that a unit

volume of aquifer releases from storage under a unit decline in hydraulic head. This parameter

depends directly on the <PCT product (Earlougher, 1977):

where:

p

g

density of water

acceleration of gravity

m -I

2.3.1.2 Wellbore Storage

Another form of compressibility, of the fluid inside the borehole, is wellbore storage. During a

hydraulic test, wellbore storage causes the downhole flow rate to change more slowly than the

surface flow rate. The borehole storage is equal to the change in the volume of fluid in the wellbore,

per unit change in the downhole pressure. The wellbore storage coefficient is defined by

c = ~v
~p

2.4

noting that ~V refers to the change in volume of fluid inside the wellbore, and ~p refers to the

change in the downhole (borehole) pressure.
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In a wellbore with a changing fluid level (for example during a constant rate pumping period) the

wellbore storage coefficient is given by:

where:

1I:r 2 =t

pg

c
pg

volume of tubing per unit length

change in pressure per unit length

2.5

When the fluid level is fixed (for example during a shut-in period) the wellbore storage coefficient

is given by

2.6

where Vw is the test section volume (h is the test section length and rw the wellbore radius) and Cww

is the compressibility of the water in the wellbore. The wellbore storage coefficient varies by orders

of magnitude depending on the mode of storage within a test. For example, assuming pg = 10

kPa/m, h = 50 m, rw = 0.079 m, rt = 0.035 m and Cww = 4 X10,7 kPa'l, values ofC from equations

2.5 and 2.6 are calculated to be 3.8 xlO-4 m3/kPa and 3.9 X 10,7 m3/kPa, respectively.

2.3.1.3 Permeability and Hydraulic Conductivity

The estimation of hydraulic conductivity was the primary objective of the aquifer testing at the

Florence site. This parameter is related to both the fluid and fluid transmitting characteristics of the

formation. This relationship can be illustrated through the well-known Darcy equation:
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q = -K dH
dL
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2.7

q = Darcy flux ms· l
,

K = hydraulic conductivity ms·1,

dHidL = hydraulic gradient unitless,

H = hydraulic head m,

L length or distance m.

The Darcy flux assumes that flow occurs over the entire flow area. In other words, it is a

macroscopic velocity. Darcy's law holds only for laminar flow.

.The same equation can be expressed in tenns of intrinsic penneability (k) which represents the

conductance that the rock offers to fluid flow:

where:

p = pressure

k dP
q = ---

11 dL .

Pa,

2.8

11

k

dynamic viscosity Pa-s,

intrinsic penneability m2
.

Intrinsic penneability is defined for a single fluid flowing through the rock and represents a

transmissive property of only the rock system. Equating Eq. 2.8 with Eq. 2.7 and including the head-
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pressure correlation, results in an equation relating hydraulic conductivity and intrinsic permeability:

2.3.1.4 Hydraulic Head

k
K = -pg

fl
2.9

The hydraulic head is expressed in terms of the pressure (P) and an elevation (2) relative to a known

datum. It can be thought of as a column of fluid of length H with a specific density p, assuming an

atmospheric pressure ofPatm, and acceleration of gravity g,

p-p
armH=---

pg

2.4 Assumptions and Governing Equation

- Z 2.10

The general well test analysis approach is based on solutions to the diffusion equation (also known,

in the petroleum literature, as the diffusivity equation) for various sets of initial and boundary

conditions. There are two common ways of presenting these solutions:

a) Hydraulic head, hydraulic conductivity and storage, or

b) Pressure, permeability, porosity, compressibility and fluid viscosity.

When expressed in terms of pressure, the diffusion equation is (see, for example, Lee, 1982):
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2.11

r

t =

radial distance

time

m,

s.

This equation is a linear parabolic partial differential equation, that is derived using the following

assumptions (Horne, 1990):

a) Darcy's Law applies;

b) Porosity, permeability, viscosity and rock compressibility are constant;

c) Fluid 'compressibility is small and constant;

d) Pressure gradients in the formation are small;

e) Flow is single phase;

f) Gravity and thermal effects are negligible;

g) Permeability is isotropic; and

h) Only horizontal radial flow is considered.

The solutions of the diffusion equation are usually given in terms of dimensionless parameters. The

dimensionless variables lead to both a simplification and generalization of the mathematics (Dake,

1978). Moreover, with dimensionless variables, the solutions are invariant in form, irrespective of

the units system used. The dimensionless pressure, PD' is a solution to Eq. 2.11 for specific initial

and boundary conditions. In the case of the constant surface flow rate (q), the pressure at any point

in the formation penetrated by the well is described by the generalized solution below (Earlougher,

1977):
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2.12

where B is the formation volume factor, equal to a volume of fluid at well pressure and temperature

normalized to standard surface conditions (B is considered to be unity during the analyses of the

Florence data). The variables to and ro are the dimensionless time and radius, respectively; Co is the

dimensionless wellbore storage. The other parameters are defined in the Nomenclature section

(Section 6.0).

The physical pressure drop is equal to a dimensionless pressure drop times a scaling factor. The

scaling factor depends only on flow rate and reservoir properties. The concept applies in general,

even for complex situations. It is this generality that makes the dimensionless solution approach

useful. Po is a function of time, location, system geometry and other variables (Earlougher, 1977).

The dimensionless time, to, in Eq. 2.12 is defined by:

kt
2.13

where rw is the radius of the well. The definitions for the dimensionless radius and the

dimensionless wellbore storage are:

r
r D 2.14r w

and,

CD
C

= 2.15.,
21t cPc/if·h
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Equations 2.13 through 2.15 are expressed in a consistent set of units. In the simple case of steady

state radial flow, PD is equal to In (r elr w), where r e is the radius of the circular constant pressure

boundary, and Eq. 2.12 becomes the well known steady-state radial form of Darcy's Equation

(Earlougher, 1977), or the Thiem Equation (see Section 2.1.1 of Kruseman and de Ridder, 1991).

For transient flow, PD is always a function of dimensionless time (Eq. 2.13), dimensionless radius

(Eq. 2.14), and other parameters related to the flow geometry (Earlougher. 1977). Dimensionless

pressure can be applied easily, and results in simple general equations that apply to any sort of

reservoir properties. It is easily adapted to mathematical manipulation and superposition so that

more complex systems can be considered.

In order to account for tests that do not have a constant flow rate (the assumption used to derive Eq.

2.12), the superposition technique is applied. This approach makes it possible to describe a variable

rate event (including a shut-in, which is an event with a zero surface flow rate) using a number of

constant rate events. The variable rate superposition has been described in detail in well testing

literature (Earlougher, 1977; Lee, 1982; Home, 1990).

The principle of superposition holds for systems that can be described mathematically as 'linear

systems' (Home, 1990). Since most well test solutions are derived from linear diffusive flow

equations with linear boundary conditions, the principle of superposition is applicable for most of

the standard response functions. The superposition theorem simply states that the sum of individual

solutions of a linear flow equation is also a solution of that equation (Drake, 1978). For a variable

rate event, the principle of superposition in time can be used to describe the flow response, using a

series of constant rate solutions. If a variable rate event is separated (discretized) into 'n' constant

rate flow periods, a solution for the nth flow period can be found by solving the diffusivity equation

for each flow rate individually and superposing the solutions according to the following equation

(Gringarten, 1979; Bourdet et al., 1989):
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J= 1
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2.16

where each of the 'n' flow periods has a flow rate of qi (qi~O) and a duration of At, with At being the

elapsed time in the 'nth' flow sequence. The subscript 'D' for the time refers to dimensionless time,

which is proportional to real time and is given by Eq 2.13.

2.5 Interpretation Models

Type curve matching for pumping test data was first introduced by Theis (1935) for interpreting

crosshole responses in homogeneous aquifers. Since then, type curve matching has become one of

the most common tools in the interpretation of well test data, both in petroleum and groundwater

areas. A type curve is a graphical representation of the theoretiCal response during a test of an

interpretation model that' represents the well and· the formation being tested. A type curve is

therefore specific to the type of test for a given flow system. The type curve analysis of well test data

essentially consists of selecting a type curve that can adequately describe the actual response of the

wellbore and the formation during the test.

Type curves, therefore, include the entire dynamic behavior of an interpretation model during a test;

in other words, type curves include all the individual 'flow regimes' of an interpretation model.

.Flow regimes' are but characteristic features for the various components ofan interpretation model.

The individual components of an interpretation model dominate the well test response at different

times. These responses are broadly divided into three groups: early time, middle time, and late time

(Earlougher, 1977).

As a given test starts, the pressure transients generated by the test move away from the generator (ie.

the source/sink. well) and into the formation. At early time. the pressure signals are dominated by

features in the flow system close to the source - such as wellbore storage and skin. presence ~)
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fractures intersecting the source, etc. As the test progresses. the pressure transients move farther

away from the source and the test section pressure response reflects the transmission of pressure

through each of the significant features in the flow system in succession. The development of the

individual flow regimes in the pressure responses does not occur in discreet steps but are separated

by 'transition periods' in which the influences of parameters characterizing the two regimes are

combined. After the early time effects are over, the pressure response is indicative of larger scale

conditions in the formation. During this phase of the pressure response, features such as double

porosity, homogeneous behavior, etc. dominate the pressure response. As the test duration increases,

the pressure response reflects the formation conditions farther away from the borehole and features

such as boundary effects may affect the pressure response. Until the boundary effects are 'seen' by

the pressure signals, the formation effectively responds as if it were of 'infinite lateral extent'.

Type curves combine all the flow regimes, including the transition periods, for specific interpretation

models. Well test interpretation models are used to define the complete theoretical flow system and

the characteristics of the interpretation models are divided into these distinct periods:

1. Inner-Boundary (wellbore storage, fracture flow etc.);

2. Formation Flow Behavior (homogeneity, dual porosity etc.); and

3. Outer Boundary (infinite acting, constant pressure etc.).

These periods are illustrated in Figure 1 for pressure and pressure derivative curves. The first period

represents the inner boundary condition of the interpretation model and governs the early time

response of the model. The formation flow behavior is the flow regime when the pressure response

at the pumping well is dominated by formation flow parameters. The outer boundary condition, as

the name implies, characterizes the late-time effects.

In an idealized data set the pressure or pressure derivative will have a recognizable shape which can

be related to what is happening in the formation. When analyzing well test data it is now common

practice to plot the pressure derivative (derivative of pressure change with respect to the natural
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logarithm of time) in addition to the pressure because it is easier to recognize the characteristic

shapes of the test periods on the pressure derivative (Bourdet et al, 1983; Bourdet et aL 1989).

Examination of pressure derivative plots allows the analyst to determine the extent of each of the

three periods and, from diagnostic curve shapes, identify different types of formation response and

boundary effects. The following interpretation models are available in Golder's FLOWDIMTM code:

Inner Boundary Conditions:

a) Wellbore storage and skin;

b) Infinite conductivity or uniform flux fracture; and

b) Finite conductivity fracture.

Formation Flow Behavior:

a) Homogeneous -standard 'porous medium' flow;

b) Dual porosity -fractures in a less permeable matrix; and

c) Fractional Dimension -fracture controlled flow with "imperfect" connections.

Outer BO.lmdary Conditions:

I) Single boundary -constant pressure or no flow.

The following sections discuss only the interpretation models and parameters, which are applied to

the analyses of the Florence data. The models are:

Inner Boundary

Formation Flow

Outer Boundary

-Wellbore storage and Skin, and Fractures;

-Homogeneous and Dual Porosity; and

-Infinite Acting.

Different sets ofconstitutive parameters are used to represent each of the components of the well test

interpretation models. The parameters are:
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C:

h:

s:

w:

A:

wellbore storage;

total thickness of the formation (equals the test section length, for a

'fully penetrating well' assumption);

formation permeability;

fracture permeability in a double porosity system;

permeability of finite conductivity fracture;

skin factor;

fracture width;

fracture half length;

interporosity storativity ratio; and

interporosity flow coefficient.

These components of the interpretation models are described in the following sections.

2.5.1 Inner Boundary

2.5.1.1 Wellbore Storage and Skin

The wellbore storage effect prevents the downhole flow rate from instantaneously following the

surface flow rate in the case of constant rate tests. This affects the early-time transient pressure

response to a considerable extent. The wellbore storage effect can mask the formation response in

tests of very low permeability formations. Wellbore storage is characterized by a wellbore storage

constant, C, which is the change in wellbore fluid volume with pressure. For a well filled with a

single phase fluid occupying a fixed volume Vw, this constant is given by Eq. 2.6. For a well with

a changing liquid level (open tubing flow) the wellbore storage constant is given by Eq. 2.5.

To account for the wellbore storage effect in the solutions of Eq. 2.11, a dimensionless wellbore

storage constant Co was introduced (Eq. 2.15) and PD becomes a function of to' CD and s, together
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It is important to note that the compressibility on Eq. 2.6 is that of the fluid in the wellbore. In

fractured formations, the actual wellbore storage values can exceed those computed with Eq. 2.6

because part of the storage is due to the volume of fractures in communication with the wellbore.

The difference can be a factor of 10 to 100 depending on borehole conditions (Ostrowski and

Kloska, 1989). Other effects, such as tool compliance or tool induced injections, can also increase

the apparent wellbore storage and cause the wellbore storage constant to be higher than calculated.

Another important dimensionless variable is the skin factor (s) which quantifies the near-borehole

flow conditions. Skin factors estimated from transient testing include all features that affect the

efficiency of fluid flow into the wellbore. The skin factor represents a steady sate dimensionless

pressure drop at the well face in addition to the normal transient pressure drop in the formation. The

additional pressure drop is assumed to occur in an infinitesimally thin "skin zone" (van Everdingen,

1953). The additional pressure drop can be the result of local permeability alteration (for example,

'caused by plugging of flow paths by fines in the drilling fluid, etc.). This pressure drop could also

be caused by deviation from purely 2-D radial flow near the well (for example, caused by a fracture

near the well giving rise to more linear than cylindrical symmetry flow at early time); this is also

called 'pseudo-skin' (Earlougher, 1977). The skin factor is related to this additional pressure drop

by the following equation (Earlougher, 1977):

2nkh
s = -- M sqB'Il

2.17

where b.ps' is the additional pressure drop in the skin zone. A more physically realistic concept of

skin is obtained by assuming that the skin effect is due to an altered zone of radius rs with a skin

zone hydraulic conductivity (Ks); for such a case the skin effect can be calculated from the following

equation (Earlougher. 1977):
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(unitless)
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2.18

It can be seen from this equation that when the skin zone hydraulic conductivity (Ks) is higher than

the fonnation hydraulic conductivity (K) the skin effect is negative. There is clearly a practical limit

to how large the magnitude of skin can become; for the Florence tests, skin coefficients typically

vary between -7.5 and 12.0.

Pseudo-skins result from situations such as partial penetration of the water bearing fonnations,

turbulent flow, multiphase effects, and fractures intersecting the wellbore. The important difference

between mechanical skins and pseudo-skins is that the pseudo-skins penetrate the fonnation, creating

transient pressure drops that become stable only some time after the beginning of flow in the well

(Dowell Schlumberger, 1985). The total skin effect is the combination of the mechanical and all.

pseudo-skins.

2.5.1.2 Fracture Flow

When the borehole penetrates a single fracture, the early time pressure response is detennined by

wellbore storage arid the flow behavior within the fracture. Two different kinds of fractures are

considered, an infinite conductivity fracture and a finite conductivity fracture. In both these models,

the flow is assumed to take place from the fonnation to the fracture and from the fracture into the

wellbore. For the infinite conductivity fracture, a negligible pressure drop is assumed to occur within

the fracture itself. For this model, the flow goes through two flow regimes:

a) Linear flow towards the fracture from the fonnation, and then

b) A global radial flow in the fonnation.

These two successive flow regimes are also shown by a 'unifonn flux' fracture (Earlougher, 1977:
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Horne, 1990). A unifonn nux fracture is a fully penetrating vertical fracture with a uniform flow

into the fracture along its length. Both the infinite conductivity and the unifonn nux fracture models

are based on the following assumption:

a) There is no wellbore storage;

b) The fracture is vertical and fully penetrating;

c) Pressure within the fracture and the borehole is the same at all points;

d) The fracture is characterized by a half-length (Xr); and

e) The fracture is in a homogeneous aquifer.

Analysis using these models yields an estimate of:

Fracture half-length

In a finite conductivity fracture model, pressure drop is allowed to take place within the fracture.

For a finite conductivity fracture, the flow goes through three regimes:

a) Linear flow within the fracture;

b) Linear flow toward the fracture and within the fracture (bilinear flow); and

c) Global radial flow.

In this case, the. flow is detennined by the fracture half length as in the case of the infinite

conductivity fracture and also by the product of fracture penneability and fracture width. Fracture

penneability is not a parameter for the case of an infinite conductivity fracture model, since it is

considered to be infinitely large. Analysis with the finite conductivity vertical fracture yields

estimates for:

Fracture half-length
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None of the Florence tests analyzed so far have shown a response that could be associated to either

of these models. In other words, all of the tests analyzed to date have hydraulic responses typical

of porous media flow.

2.5.2 Formation Flow Behavior

Many theoretical models have been developed to describe the flow of fluids through different types

of formations in the subsurface. Flow models have been developed to account for a multitude of

heterogeneous formation behaviors. These models have increased in complexity in line with the

increased computational and graphical display powers of desktop computers. To discuss all the

models and combinations ofmodels currently available is beyond the scope of this report. Therefore,

only the models that are or might be potentially useful for the analyses of the Florence data are

discussed here, namely; homogeneous and dual porosity flow models.

2.5.2.1 Homogeneous

The homogeneous model is the simplest formation flow model. It describes flow through the pore

spaces of a homogeneous isotropic formation. Analysis with this model in FLOWDIMTM yields

estimates of:

k

s

=

=

permeability; and

skin.

This flow model is typically combined with the wellbore storage and skin (Inner boundary) and

infinite acting (Outer boundary) models to produce the theoretical model of the simplest formation

Golder Associates



November 1995

response.

2.5.2.2 Dual Porosity
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A different method of analysis is applied to fractured formations in which flow occurs through both

the matrix and through a network of fractures. To analyze tests conducted in these formations, a dual

porosity flow model was developed by Warren and Root (1963). They showed that a model which

included two fracture related parameters, in addition to permeability and skin, could be used to

describe the pressure-time behavior of a fractured formation. These additional parameters represent

the storativity ratio of the fractures and the matrix, and the ratio of the matrix permeability to the

fracture permeability. It should be noted that the dual porosity model may also be used to represent

flow in a fracture system, where relatively low conductivity and less well connected 'background

fractures' can be equated with the 'matrix' and more dominant transmissive features with the

'fractures. '

The dual porosity models available in the well testing literature are characterized by the way flow

in the more permeable flow conduits (i.e., the fractures) interacts with that in the less permeable flow

medium (i.e. the ·matrix). There are two types of dual porosity models available vvlthin

FLOWDIMTM depending on the different types of interporosity flow:

a) Restricted Interporosity Flow: In this model there is a skin between the more

permeable medium (the fissures) and the less permeable medium (the matrix blocks)

which restricts flow; and

b) Unrestricted Interporosity Flow: In this model there is no impediment to flow

between the two media and the less permeable medium is assumed to be shaped

either like slabs or spheres.
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Analysis using the dual porosity model in FLOWDIMTM yields estimates of:

kf = permeability ofthe more permeable medium;

s = skin factor of the well;

Sf skin factor between fissures and the matrix;

w = interporosity storativity ratio; and

A = interporosity flow coefficient.

The definitions of permeability and skin are similar to those in Section 2.3.1.3 and 2.5.1.1. The

modifications necessary to fit them into the dual porosity model are noted below. The first of the

parameters specific to the dual porosity model, interporosity storativity ratio 'WI, is defined by:

2.19

This relationship characterizes the relative storage capacity of the two media, fracture and matrix

(characterized by subscripts If and 'm' respectively). The interporosity flow coefficient 'A',

characterizes the ability of the matrix to flow into the fractures and is defined by:

2.20

where 0: is a geometrical factor which depends on the shape of the matrix block. For spherical

matrix blocks of radius rm,

0: =
15

1r; 2.21
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and for horizontal slab matrix blocks of thickness h",.

2.22

The theory of the Warren and Root model (Warren and Root, 1963) is extensively discussed in the

well test literature (Earlougher, 1977; Streltsova, 1988; Home, 1990; Sabet, 1991). Therefore. only

practical aspects and the physical meaning of the dual-porosity flow parameters are discussed below.

The interporosity storativity ratio, w, represents the ratio between storage capacity of the fracture

network and the total storage capacity of the formation. A value of w close to zero corresponds to

a formation with a very small fracture storage capacity; w = 1 represents a reservoir with a single

dominant flow medium. Small values of w «0.1) typically reflect the small storage capacity of

fractures relative to the much larger storage capacity of the rock matrix.

The interporosity flow coefficient, A, represents the dimensionless interporosity flow capacity which

depends, primarily, on the ratio of the matrix permeability to the fracture permeability, k.n/k f . For

a given block shape factor IX, small A values correspond to a large contrast between fracture and

matrix block permeability. A permeability ratio equal to 1 represents a single porosity

(homogeneous) reservoir.

Alternatively, if k.n/kf is known (e.g. k m from laboratory tests and kr from hydraulic testing), it is

possible to estimate the characteristics of the fractures. High IX values mean large contact surface

and consequently smaller matrix blocks (high fracture density). A low value of IX corresponds to a

smaller contact surface, large matrix blocks and consequently low fracture density.

To date, none of the Florence hydraulic test responses have shown a dual-porosity behavior.
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Outer Boundary

2.5.3.1 Infinite Lateral Extent
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The model that simulates an infinite acting formation response requires no additional parameters.

In this model there is no outer boundary response different from the formation flow response.

2.6 Well Test Analysis

Pressure transient testing has been a subject of extensive work both in the field of groundwater

hydrogeology and in the oil industry for the past forty years. Over this period better measuring

devices have become available, providing more reliable field data and this, together with the advent

of powerful desktop computers, has given· rise to the development of more sophisticated

interpretation techniques.

In general, transient well tests can be separated into three basic types based on the nature of the

source signal:

a) constant rate;

b) constant pressure; and

c) slug and pulse tests.

For constant rate and constant pressure tests, the surface rate and the surface pressure, respectively,

are kept constant during the testing period. A slug test is initiated by an instantaneous pressure

change (withdraw or injection) and then the groundwater is allowed to flow to the open borehole and

to return to initial conditions. A pulse test is very similar to a slug test, the only difference is that

the interval is shut-in so that the fluid volume is kept constant. The hydraulic tests conducted at the

Florence site are constant rate type tests.
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Depending on the type of test, different analysis methods have been developed and documented in

numerous papers and manuals. The interested reader is directed to the following summarizing

references: Earlougher (1977), Gringarten (1979), Lee (1982), and Bourdet et al. (1983 and 1989)

for the analysis of constant rate tests, including multi-rate and shut-in tests; Grisak et al. (1985) for

the analysis of wellbore storage dominated pulse and slug, where practical and theoretical aspects

of testing in low permeability formations are also discussed; and Pickens et al. (1987) present some

interesting practical considerations on interpretation of hydraulic tests in low permeability

formations. For detailed descriptions of the various well test analysis methods currently in use, the

interested reader is referred to the following additional references: Streltsova (1988), Sabet (1991)

and Dawson and Istok (1991).

The purpose of this section is to present some aspects of the test analysis methods that are found to

be important for interpretation of the Florence test data. The only tests that will be described in .

detail are the constant rate tests since these are the type of tests used at the Florence site.

The principles governing the test analysis can be considered as a special pattern recognition problem

(Gringarten, 1986). In a well test, a known signal (e.g. pumping rate) is applied to an unknown

system and the response of that system (e.g. the change in water pressure) is measured during the

test. This type of problem is known as the 'inverse problem.' Its solution involves finding a well

defmed theoretical system, whose response to the same input signal is as close as possible to that of

the actual flow system. Normally this solution is not unique, but with reasonable assumptions and

information from other sources like geophysical and geological data, in most cases it is possible to

give at least a confined range of solutions.

2.6.1 Constant Rate Tests

The analysis methods for a constant rate test can be divided into two general classes:
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a) Straight line analysis methods; and

b) Type curve matching.

After plotting the data in specific coordinate systems, straight lines can be fitted to specific segments

of the data set and reservoir parameters determined from the slope and intercept of these lines. This

approach requires the data to be divided into discrete sections representing the near wellbore.

formation, and outer boundary responses. Each section is then analyzed separately.

The type curve matching approach considers the data as a continuous record. In this approach the

data is matched to type curves that represent pressure response models for different combinations

of formation and boundary conditions. The type curves are represented in terms of the dimensionless

parameters which were introduced in Section 2.4. The formation parameters are calculated from the

match points between the measured data and the type curves. These two methods are discussed in

more detail in the sections that follow.

2.6.2 Straight Line Analysis Methods

A commonly used method of obtaining reservoir parameters is by straight line analysis. In this

approach, pressure data is plotted on specialized plots, e.g. versus log(t), and straight lines fitted to

specific portions of the data are used to derive formation parameters. The theory behind straight line

methods, especially semilog Homer and MDH has been extensively described in the literature

(Earlougher, 1977). Therefore only the application of this method will be discussed here.

Straight lines fitted to the early time portion of the data can be used to obtain estimates of the

wellbore storage (pressure versus time or log pressure versus log time) or near well fracture flow

parameters (pressure vs. ( or tI4
). Straight line fits to semilog plots (pressure versus log time), or

log (Homer time) can be used to obtain estimates of wellbore storage, skin, permeability and initial

pressure; Homer time is defined later in this section. Straight lines fitted to multiple periods of
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pseudo radial flow can also be used to identify a dual porosity response and estimate the appropriate

flow parameters (A and w. see nomenclature).

Straight line analysis methods can also be applied to data presented on log-log plots. A horizontal

line fitted to a pseudo radial flow portion of the pressure derivative will provide an estimate of the

formation permeability, similar to the Horner approach. Distances to outer boundaries and the

existence of multiple boundaries can also be estimated by fitting lines to the log-log plot.

The necessary condition for application of the straight line approach to determine initial hydraulic

head and hydraulic conductivity is that the aquifer must be 'infinite acting.' This means that the

pressure response must extend beyond the influence of wellbore storage and skin effects and into a

period of pseudo-radial flow. In the case of heterogeneous behavior, the total system response must

be obtained for the method to be applied. When these conditions are met, the basic reservoir

parameters (e.g. hydraulic conductivity) can be derived. The straight line method was in many cases

not applicable to the Florence test data, even for the estimation of basic formation parameters,

.because many of the hydraulic tests are strongly affected by pumping in nearby irrigation wells,

rendering the pseudo-radial flow period difficult to identify.

Nonetheless, the basic ideas of the straight line analysis are presented here for the benefit of the

reader. A special application of this method is the case of the analysis of a shut-in period after a

constant rate flow period. According to the superposition principle, the solution for this case is

(Horne, 1990):

PoP0 [ tpO + tJ.toJ - PD [tJ.toJ

where tpD is the dimensionless flow period duration and tJ.to is the dimensionless elapsed time from

the start of the shut-in. The dimensionless pressure (Po) and the dimensionless time are defined in

Section 2.5.2. For infinite acting radial flow during both the flow period and the shut-in, Eq. 2.23
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leads to the following solution for the source well in a homogeneous reservoir:
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qB~ t p + ~t
~-:-ln ---
4 rr. kh ~t

2.24

Therefore when the pressure is plotted against the natural logarithm of (tp + ~t)/~t, where tp is the

flow period duration and ~t is the shut-in time, the data will show a straight line with a slope of

m
qB~

4 rr. kh

during a period of infinite acting radial flow. The pressure axis intercept represents the initi~

formation pressure (P) or equivalently the static water level. Such a plot is known as a Homer plot

and (tp + ~t)/~t is referred to as Homer time which is a dimensionless quantity. For a multiple rate

transient test this method can be generalized by plotting (Gringarten et aI., 1980):

n-l n-l
P(~t) VS. 1 [L (qi - qi-l) log [L ~tj + ~t] - (qn-l - qn) log~t] 2.26

Iqn-l - qnl i=l j=l

where ~tJ is the duration of each constant rate event. In Eq, 2.26 the time/rate function is referred

to as the superposition function, and the plot is known as a generalized Horner plot.

2.6.3 Type Curve Matching and Automatic Regression

A transient well test generally comprises an input impulse (e.g. a change in flow rate) which is

imposed on the test interval, and the recorded response (e.g. a change in pressure). The nature and
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shape of the response is governed by test geometry parameters (interval volume, flow rate. etc.), fluid

parameters (viscosity, compressibility, etc), and formation flow parameters (permeability. porosity,

etc.). Some of these are known directly or can be measured either in-situ during the test or in

laboratory tests. However. some of the parameters which control the formation response cannot be

measured directly and must be inferred from the test response. An analytical mathematical model

of the dependence of the formation response on the formation flow parameters can be developed and

solved. Then by matching the measured test response to the model response it can be inferred that

the model parameters have the same values as the actual reservoir parameters. This process is

known as 'Type Curve Matching.'

2.6.4 Theory of Type Curve Matching

We will consider the single constant rate case to present the basic theory of type curve matching.

For a constant rate case, the dimensionless pressureis defined as (Home, 1990):

21tkh
PD = (P - P) = A tlP

qB~ 1

where A is a function of k, h, q, B, and ~.

Re-arranging Eq.' s 2.13 and 2.27, we get:

2.27

2.28

where B is a function of k, h, and~. Or in logarithmic terms:
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LogPD = Log I1P + LogA

t B
Log(-E...) = Log I1t + Log(-)

CD C

953-2908

2.29

2.30

The combination of the dimensionless time and wellbore storage is a way to reduce the number of

independent variables and make the type curves easier to distinguish from each other. Since, by

definition, the dimensionless pressure and time/storage are linear functions of actual pressure and

time, the log of actual pressure change will differ from the log of the dimensionless pressure drop

by a constant amount. The same is also true for the log of actual time. Thus when the appropriate

interpretation model has been selected, the actual pressure vs. (time) curve and the theoretical curve

PD vs. (TJeD) have identical shapes, but are shifted with respect to one and other when plotted on

the same log-log scale.

The objective of this type curve analysis is to evaluate the amount of shift between the two sets of

curves. When the actual data is matched to the theoretical curve on the log-log axes, a match point

is selected and the reservoir parameters obtained by rearranging and substituting PD and I1P, and

(TJcD) and I1t into the above equations as follows:

PD[-] matchpoint = A = permeability
M

tD/CD
[ ] matchpoint = (B/C) + permeability = wellbore storage

I1t
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Originally Po was plotted versus to on a series of distinct curves for welbore storage/skin and infinite

acting radial flow (Agarwal et aL 1970). Manipulation of the dimensionless pressure equation,

created a combined storage and skin variable, Coe"S that could be used to generate a series of type

curves (Gringarten, 1979) for different Coe"S values. The skin factor is obtained by substitution of

the calculated dimensionless storage into the Coe"S value obtained from the type curve that gives the

best match, and the corresponding Coe"S appropriate to that curve. Other type curves have been

developed for fractured reservoirs (see, for example, Bourdet and Gringarten, 1980) and for

formations with composite behavior.

For further details of the theoretical aspects of type curve matching, the interested reader is referred

to Gringarten (1987), Chapter 4 of Sabet (1991), and Section 3.3 of Earlougher (1977).

2.6.5 Dimensionless Type Curves

The solutions to the analytical models can be expressed as a series of dimensionless variables

(Section 2.5.1). These dimensionless variables are important because they simplify the formation

response models by representing the transient test parameters in terms of model parameters which

remain fixed during the test, thus reducing the total number of unknowns which need to be

considered. They" also have the additional advantage of providing model solutions that are

independent of units. The definition of these dimensionless variables assumes that the test

parameters (flow rate, interval volume), the fluid parameters (viscosity, compressibility), and the

reservoir parameters (permeability, compressibility, porosity, and reservoir thickness) all remain

constant throughout the test.

Theoretical models of reservoir behavior can be presented as a family of dimensionless type curves,

expressed in terms of dimensionless pressure (Po), that are a function of to and other dimensionless

variables. Each curve in the family is characterized by dimensionless variables that depend on the

particular model. These parameters are defined as the product of a measured parameter (e.g. pressure
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or time change) and parameters characterizing the reservoir (porosity, permeability, etc.).

The type curves used for the analysis of a pumped withdrawal test in a formation are called

drawdown type curves and are defined as:

The actual data for type curve analysis are defined as:

2.34

The change in pressure (~P) is plotted against the change in time (~t) where ~t is the elapsed time

since the start of the pumping sequence, and ~p is the corresponding pressure reading.

Interpretation models can be obtained by a combination of the appropriate component (inner

boundary, formation behavior, and outer boundary) models which have been developed. Their

dimensionless solutions are superposed (in space and time) to obtain the type curves required for

analysis. Type curves have been published for most of the common reservoir configurations (e.g.

homogeneous, dual porosity, etc).

The drawdown type curves are not strictly valid for analyzing flow periods (drawdowns or build-ups)

after the first drawdown. For each drawdown type curve there exists a 'family' of build-up type

curves that depend on the production period, tp' The corresponding theoretical build-up type curve

is obtained from the appropriate drawdown curve by superposition as follows (Gringarten et ai.,

1980):
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The build-up type curves must be calculated for each test. because they depend upon the test

conditions. For a multi rate (MR) flow test the type curve can be expressed by Eq. 2.16 in Section

J -_.).

2.6.6 Derivative Type Curves

A relatively recent innovation (Bourdet et al., 1983), made much easier with the introduction of

computer aided techniques, is to plot the derivative ofPD with respect to In (tdCp) on the same axes

as the PD vs. TD lCo. The derivative is useful as a diagnostic plot when trying to determine the

different flow regimes that may occur during the test. The advantage of the derivative plot is that

it is able to display in a single graph many separate characteristics that would otherwise require

different plots.

During pure wellbore storage (Earlougher, 1977) showed that:

2.36

then taking the derivative

2.37

During infinite acting radial flow (which does not show a characteristic response on a log-log scale)

in a homogeneous formation (Bourdet et al., 1983):
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2.38

then taking the derivative

2.39

Therefore, both at early and late times, all Po' behaviors are identical and independent of the Coe2S

values. At early time, all the curves merge into a straight line corresponding to Po = 1. At late time

the curves merge into a single straight line of slope = -1, corresponding to Po' = O.5/(tdCo). Between

these two asymptotes, each of the Coe2s curves exhibit a specific shape. It is more useful however,

to plot the type curves as Po! (to/Co) versus (b /~). This is a better choice of axes becau~e the

pressure and time axes are now consistent with the dimensioless pressure axes described earEer.

At early time, the type curves follow a unit slope log-log straight line. When infinite acting radial

flow is reached, the derivative curves become horizontal at Po' (to/CD) = 0.5. Between these two

asymptotes, the type curves and derivatives are distinctly different for the combined 'family' of Cde
2S

curves. This makes it easier to correctly identify the correct Cde
2S curve corresponding to the data.

The derivative shape also provides an improved diagnostic tool for other formation models such as

dual porosity, composite, fracture flow, and outer boundary responses.

Modern well test analysis has been greatly enhanced by the introduction of the pressure derivative

type curves. The advent of computer aided interpretation has made calculation of the derivative of

real data relatively straightforward. The advantage of the derivative plot is that it is able to display

in a single graph many separate characteristics of the flow system that would otherwise require

different plots (Horne, 1990). The power of the pressure derivative arises from the fact that it

magnifies the differences in shapes between the various flow regimes that can be present during a
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given flow period, thereby enhancing the diagnostic capabilities of the analyst by a significant

amount (Gringarten, 1986).

The interpretation method implemented in FLOWDIM, a Golder Associates proprietary software,

takes full advantage of the derivative approach as discussed above. Test interpretation of the aquifer

tests in the Florence study area were conducted using this software. The following section presents

a brief discussion of the interpretation of each test.
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3.0 TEST fNTERPRETATION RESULTS
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This section provides a briefdescription of the conditions during each aquifer test, general comments

on the quality of the data, and results from the analytical interpretation. One critical piece of

information during any hydraulic test program is the location of nearby active wells and their

pumping rates and duration of pumping periods. In the case of the Florence aquifer tests, a precise

discharge rate history for nearby agricultural wells is, in general, not available. Complete

interpretation of the affected aquifer tests is not possible without this information, and the resulting

estimated hydraulic conductivity may be inaccurate.

In some cases, boundary effects and abrupt changes in the pumped well discharge rate complicated

the interpretation of the drawdo\\-TI and recovery data, not to mention the effect of nearby agricultural

wells. To the extent permitted by the data, an attempt was made to discern amongst effects produced

by geological controls and those produced by the cycling of nearby agricultural wells .. Information

about the hydraulic tests conducted to date is summarized in Table 1 (See Appendix A). Also shown

in this table are the name designations of the wells participating in a given test, starting and ending

date of the test, and available information regarding geologic formation, screen location, drawdoVvTI

and discharge data.

Table 2 (See Appendix A) presents a summary of the hydraulic conductivity estimates resulting from

our interpretation. Also included in this table is the name of the formation penetrated by the

particular welles), and comments and qualifiers on the conductivity estimates. The available data

are classified into three different categories; fair, acceptable and good. A fair data set is one that is

interpretable but the estimated hydraulic conductivity should be used with caution. An acceptable

data set represents a test with some uncertainty and usually results in an underestimate of the

formation hydraulic parameters. A good data set results in a hydraulic conductivity that is deemed

as a close representation of the formation conductivity.

The following table is considered useful for the understanding of subsequent section ans is therefore
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included in the text. The table provides an abbreviated summary of the estimate hydraulic

Well K
Identification Active/Observation (feeUday)

Basin Fill Deposits
iMI-GL Active 17.3
'M3-GL 'Active 15.9
MI4-GL Active 1.7
MI4-GL3d :Active 0.1
M15-GU 'Active 2.6
M18-GL .Active 19.6

ip28-GL iActive 8.3
028-GL Observation (P28-GL) .,'" .,

I
-.).-

M3-GL iObservation (M4-0) 14,8

iP8-GU ,Active 61.3
Oxide

iM4-0 iActive 0.6
,PW2-1 :Active 1.4
,PW4-1 ;Active 3.8
,PW7-1 'Active 0.2

i OB7-1 'Observation (PW7-1) 0.1
ip12-0 ,Active 0.4
I 012-0 'Observation (Pl2-0) 0.6,

:p19.1-0 !Active 0.3
P19-0 Observation (P 19.1-0) 0.2
P19.2-0 ' ,Observation (P19.1-0) 0.2

iP19.1-03d 'Active 1.00E-02 ;
I

P19-03d iObservation (P 19.1-0) 2.39E-04 i

P19.2-03d ,Observation (P19.1-0) 1.99E-04 i

iP39-0 iActive 0.3
039-0 iObservation (P39-0) 0.3

iP28.1-0 Active 7.7
iP28.1-0 (2) !Active 3.6
I P28.2 -0 ,Observation (P28.1-0) 2.7
:P28.2-0 ·Active 3.1

028.1-0 Observation (P28.2-0) 3.0
P13.1-0 Active 0.3

P49-03d A..~tive/RecoveryData 7.75E-03
P15-0 Active 0.5,------_... - -----

conductivity presented in Table 2 in Appendix A. This abbreviated table divides wells into those

testing the Basin Fill Units. and those testing the mineralized bedrock.
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As seen from this table, the hydraulic conductivity for the Basin Fill Units vary from 1.7 to 61.3 feet

per day (ft/day), whereas that for the quartz monzonite and the granodiorite porphyry vary from 0.1

to 7.7 ft/day (with exception of the 3-D analyses). The maximum conductivity value for the Basin

Fill units was derived from a test in the Upper Unit. The smaller variation in the hydraulic

conductivity suggest a greater degree of heterogeneity than that of the mineralized bedrock.

Appendix A contains a summary sheet for each test interpretation, including a calculation of

hydraulic conductivity in feet per minute (ftlmin), feet/day (ftlday), meter per second (m/sec), and

centimeter per second (em/sec), as well as the estimated value of the skin factor. Appendix B

presents the log-log plots of the type curve selected for the analysis, and observed drawdown versus

time. Appendix C includes report forms from the FLOWDIM interpretation for each test. This form

contains the well name, type of test, and date of the test. Well geometry information, such as well

radius, interval length, formation tested, total depth, as well as discharge rate and test duration are

also included in this form. In addition, this form presents also the model assumptions and numerical

values for hydraulic parameters.

The following paragraphs offer a cursory description of test conditions and hydraulic conductivity

estimates for each test. The first few tests are discussed in detail to provide the reader with a basis

for understanding the remaining tests presented in Appendix A through C. Detailed discussion for

unique and interesting tests is given as warranted by test response.

Aquifer Test on MI-GL

This constant rate test involved a single well with a discharge of 10 gallons per minute (gpm). Well

M I-GL is a monitoring borehole completed within the lower basin fill unit (LBFU). Nearby

agricultural wells BIA-9 and BIA-l OB were reported to be active during the test. The test response

shows a slight "recovery" of the hydraulic head during the test. This effect is responsible for the

decrease in drawdovvTI (circles) in the late time data presented in Figure 1B in Appendix B. Final
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recovery of the hydraulic head resulted in a water elevation higher than the elevation reported at the

beginning of the test; indicating that the observed hydraulic head response is a superposition of more

than one stress on the aquifer (namely; the transient effects from wells BIA-9 and BIA-l OB).

The log-log plot presented in Figure 1B shows both the drawdown data and its derivative with

respect to the natural log of time (triangles) versus time, and the dimensionless type curve that was

selected for interpretation of this test. In this particular case the selected type curve corresponds to

a two-dimensional (notice the asymptotic approach to PD' = 0.5), homogeneous flow model, with a

CDe2S parameter equal to 2 x 10 8 • This value, in turn, results in a skin coefficient of 3.3 (see

summary interpretation in Figure lA in Appendix A) indicating some possible formation clogging

near the well face. Figure IB shows the transient effects produced by nearby pumping, and that the

match between the data and the type curve is poor. The pressure derivative of the data shows a large

amount of random variation in late time, making it difficult to better assess the hydraulic parameters.

The hydraulic conductivity estimate is 17.3 ftlday. It is our opinion that this conductivity value most

likely overestimates the actUal conductivity of the formation in that the observed drawdown appears

to be affected by a recovery trend that limits its final magnitude. The effect of nearby pumping

(recovery) may be responsible for the extremely small estimate of the storage coefficient (8.4 x 10-").

Aquifer Test on M3-GL

Aquifer test on monitoring well M3-GL (Figure 14B) involved wells M2-GU, M4-0 and M5-S as

observation points. Average discharge from M3-GL during this test was reported at 10 gpm. Well

M3-GL is completed in the Lower Basin Fill Unit, while M2-GU and M4-0 are completed in the

Upper Basin Fill Unit (UBFU) and the oxide unit, respectively. Irrigation Well ENGLAND #3 was

on during the test but no information regarding its pumping rate is available. Observation wells M2

GU and M5-S showed recovery 100 minutes into the test. The hydraulic response for wells M2-GU

and M4-0 is minimal and quite erratic. This small response between M2-GU and M3-GL may

indicate a limited hydraulic connection between the lower and Upper Basin Fill Unit in this area of
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the site. After shut in of well M3-GL, observation wells M2-GU and M4-0 showed a slight recovery

and then began to drop off again which may be the result of cycling of agricultural pumping. The

hydraulic response of well M5-S appears completely independent of pumping on well M3-GL. Due

to the above conditions. the hydraulic responses from the observation wells were considered not

suitable for interpretation.

Data interpretation for this test was accomplished by means of a 2-D, homogeneous model (as

indicated by the approach of the derivative of Po = 0.5) with a Coe2s parameter equal to 1 x 10 6

(Figure 14B). The skin parameter was estimated to be 1.16 (Figure 14A); indicating slight formation

clogging near the well face. The overall fit of the drawdown data and the selected type curve is

relatively good up to about 10 hours into the test. However, the pressure derivative data deviates

sharply from the type curve just after about 0.1 hour into the test. The· estimated hydraulic

conductivity for the Lower Basin Fill Unit is 15.9 ftJday with a storage coefficient of 3 x 10.7
. The

. .
deviation of the data. from the derivative and this small storage coefficient may be an effect produced

by pumping from ENGLAND #3 well.

Aquifer Test on MI4-GL

Well M14-GL was tested under a constant discharge ofabout 10 gpm. This well is completed within

the Lower Basin Fill Unit (LBFU). Well MI5-GU, in the Upper Basin Fill Unit, serves as an

observation well. Irrigation Wells BIA-9 and BIA-l OB were on during the test but no information

is available regarding their pumping rate history. Additionally, MI-GL was pumping during testing.

Very little drawdown was seen in the observation well (MI5-GU). However, a sharp increase in

hydraulic head was observed at about 1,000 minutes after pumping in M14-GL ceased. Recovery

in the pumping well went beyond initial reported static water level. It is suspected that one or both

of the pumping agricultural wells may be responsible for these effects. Field data from the

observation well was not considered suitable for interpretation.
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Two interpretation models were applied to the drawdown data from well M14-GL. First, a 2-D,

homogeneous model (Figure 3A) was used to match the field data. It was seen (Figure 3B) that only

the early data (t < 50 min) closely approximated both the pressure and pressure derivative of the 2-D

type curve. At later times, the derivative of the field data deviated sharply from the type curve. As

discussed in Section 2.6, this type of deviation is characteristic of a 3-D flow regime. Analyses of

these data using a 3-D model (Figures 4A and 4B) shows that the overall fit to both 'pressure and

pressure derivative improved significantly. Given the relatively short length of the screened interval

as compared to the thickness of the Lower Basin Fill Unit in that location, it is not surprising that

the test response suggests 3-D flow (typical of a partially penetrating well). Hydraulic conductivity

estimates from these two different models are reported in Table 2 as well as in Figures 3C and 4C.

The resulting conductivity estimates are 1.7 and 0.1 ftIday for the 2-D and 3-D models respectively.

Although the 3-D type-curve better represents this field data, it is recommended, for the sake of

conservatism, that numerical simulation of flow and transport be conducted with the larger hydraulic

conductivity estimate. As will be discussed later for some of the other tests, 3-D conductivity

estimates are typically smaller than corresponding 2-D estimates.

Aquifer Test on MI5-GU

This constant rate test involved a single pumping well (M IS-GU) discharging at 10 gpm from the

upper consolidated unit (UBFU) and one observation well (MI4-GL) which was completed in the

Lower Basin Fill Unit (LBFU). Irrigation Wells BlA-9 and BlA-I OB were on during the test but no

information is available regarding their pumping rate history. The pumping well recovery rose above

the static water level. It may be that one or both of the irrigation wells were shut off during testing,

causing these effects. Due to the above effects the data form the observation well were not

considered suitable for interpretation. Only the data for MIS-GU was analyzed.

The selected type curve for the pumping well data (M I5-GU) corresponds to a 2-D, homogeneous

flow modeL with a Coecs parameter equal to 10 (see Figure 5C). This value, in turn, results in a skin
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coefficient of 6.6 indicating (Figure 5A), perhaps, some formation clogging near the well face. As

shoY'm in the log-log plot (Figure 5B), the match between the data and the type curve is good. The

hydraulic conductivity estimate is 2.6 ftIday. The estimate for the storage coefficient is 1.1 x 10- 11

which is clearly too small and another indication of the difficulty involved in modeling marginal

data.

Aquifer Test on MI8-GU

This constant rate test involved a single pumping well (MI8-GU) with a discharge of 10 gpm from

the Upper Basin Fill Unit (UBFU). This was a short duration test with no observation wells. The

data set is fair for interpretation.

The selected type curve for the pumping well data (MI8-GU) corresponds to a 2-D, homogeneous

flow model, with aCoe2s 'parameter equal to 1.0 x 10 15 . This value, in turn, results in a skin

coefficient of 11.4 (Figure 6A) indicating significant formation clogging near the well face. As

shoY'm in the log-log plot (Figure 6B), the match between the data and the type curve is good. The

hydraulic conductivity estimate is 19.6 ftIday. The estimate for the storage coefficient is 8.7 x 10- 16

which is clearly much too small and another indication of only a fair data set.

Aquifer Test on P39-0

This constant rate test involved a single pumping well (P39-0) with a discharge of 55 gpm pumping

from the oxide zone. It had a single observation well (039-0) which was also completed in the

oxide zone. The data appears to be good and suitable for analysis.
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The selected type curve for the pumping well data (P39-0) corresponds to a 2-D. homogeneous now

modeL with a Coe1s parameter equal to 100. This value, in tum, results in a skin coefficient of -1.8

(Figure 7A). As shown in the log-log plot (Figure 7B), the match between the data and the type

curve is good. The hydraulic conductivity estimate is 0.3 ft/day and the estimate for the storage

coefficient is 9.6 x 10-1.

The selected type curve for the observation well data (039-0) corresponds to a 2-D, homogeneous

flow model, with a Coe1S parameter equal to 2.0. As shown in this log-log plot (Figure 8B), the

match between the data and the type curve is good. The hydraulic conductivity estimate is 0.3 ft/day

and the estimate for the storage coefficient is 4.3 x 10-4 (Figure 8C).

Aquifer Test on PW7-1

This constant rate test involved a single pumping well (PW7-1) with a discharge of 38 gpm from the

oxide zone. Observation wells OB7-1 and OB-l are also completed in the oxide zone. Observation

well 03-GL straddles the interface between the basin fill deposits and the oxide. Irrigation wells

BIA-IOB and WW-3 were on during testing and appear to have had some effect on the data as shown

by early recovery in these wells. However, data sets from PW7-1 and OB7-1 appear acceptable and

suitable for analysis.

The selected type curve for the pumping well data (PW7-1) corresponds to a 2-D, homogeneous flow

modeL with a Coe2S parameter equal to 100. This value, in tum, results in a skin coefficient of -2.1

(Figure 17A) which indicates enhanced hydraulic conductivity near the well. As shoVvTI in the log

log plot (Figure 17B), and in spite of the transient effects produced by nearby pumping, the match

between the data and the type curve is good. The hydraulic conductivity estimate is 0.2 ft/day and

the estimate for the storage coefficient is 1.8 x 10,3 (Figure 17C).

The selected type curve for the observation well data (OB7-1) corresponds to a 2-D. homogeneous
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flow model. As shown in this log-log plot (Figure 9B), and due to the transient effects produced by

nearby pumping, the match between the data and the type curve is fair. The hydraulic conductivity

estimate is 0.1 ftlday and the estimate for the storage coefficient is 1.3 x 10-4 (Figure 9C).

Aquifer Test on P12-0

This constant rate test involved a single pumping well (P12-0) with a discharge of 64 gpm from the

oxide zone. Observation well 012-0 was also completed in the oxide zone whereas observation

well 012-GL was completed within the LBFU. The data appear to show multiple pumping well

effects. Drawdown increased at approximately 500 minutes into the test, recovery was observed at

3,000 minutes, additional drawdown was seen at 7,000 minutes, and more recovery was observed

at approximately 9,000 minutes. Large drawdown variations were also recorded the observation

wells. Due to the above effects, this test is considered marginal for interpretation, and only the. first

3,000 minutes of data from wells P12-0 and 012-0 were used.

The selected type curve for the pumping well data (P12-0) corresponds to a 2-D, homogeneous flow

model, with a CDe2S parameter equal to 3.0. This value, in tum, results in a skin coefficient of -4.3

which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity could

be natural, as resulting from nearby fractures, or it could be due to the drilling and well development

process. As shown in the log-log plot (Figure 19B), the match between the data and the type curve

is fair. The hydraulic conductivity estimate is 0.4 ftlday and the estimate for the storage coefficient

is 4.2 x 10-1
•

The selected type curve for observation well data (012-0) corresponds to a 2-D, homogeneous flow

model. As shov.-n in this log-log plot (Figure lOB), the match between the data and the type curve

is fair. The hydraulic conductivity estimate is 0.6 ftlday and the estimate for the storage coefficient

is 2.2 x 10-3
.

Golder Associates



November 1995

Aquifer Test on P28-GL

49 953-2908

This constant rate test involved a single pumping well (P28-GL) with a discharge of 75 gpm from

the Lower Basin Fill Unit (LBFU). Observation well 028-GL was completed in the Lower Basin

Fill Unit (LBFU) and observation wells P28.1-0, P28.2-0 and 028.1-0 were completed in the oxide

zone. Observation well 028.2-S was completed in the sulfide zone. Irrigation Wells BIA-9 and

BIA-10B were on during the test but no information is available regarding their pumping rate history.

Additionally ENGLAND #3 and WW-3 were on briefly for sampling toward the beginning of the

test, and P8-GU was also pumping during this test. The test results appear good and suitable for

analysis, however, only data from P28-0 and 029-GL were interpreted.

The selected type curve for the pumping well data (P28-GL) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 1.0 x 10 6
. This value, in turn, results in a skin

coefficient of 1.3 which may indicate some formation damage near the well face. As shown in the

log-log plot (Figure 29B), and in spite of the transient effects produced by nearby pumping, the

match between the data and the type curve is good. The hydraulic conductivity estimate is 8.3 ft/day

and the estimate for the storage coefficient is 3.4 x 10-7
.

The selected type curve for the observation well data (028-GL) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 2.0. As shown in this log-log plot (Figure lIB), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is fair. The hydraulic conductivity estimate is 23.2 ft/day. The estimate for the storage

coefficient is 2.7 X 10-5.

Aquifer Test on P28.2-0

This constant rate test involved a single pumping well (P28.2-0) with a discharge of 77 gpm

pumping from the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower
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Basin Fill Unit (LBFU), observation well 028.1-0 and P28.1-0 were completed in the oxide zone.

and observation well 028.2-S was completed in the sulfide zone. Irrigation Wells BIA-9 and

BIA1O-B were on during the test but no information is available regarding their pumping rate history.

These wells did affect the data in all observation wells as evidenced by decrease in the drawdown

at later time in all observation wells. Also, the recovery in the pumping well went beyond static

water level, indicating that the observations in the pumping well are not ideal for interpretation.

However, overall, the test is judged to be acceptable for interpretation.

The selected type curve for the pumping well data (P28.2-0) corresponds to a, 2-D, homogeneous

flow model, with a CDe2s parameter equal to 10. This value,.in turn, results in a skin coefficient of

-6.5 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could result from nearby fractures, or it could be due to the drilling and well development process.

As shown in the log-log plot (Figure 33B), and due to the transient effects produced by nearby

pumping, the match between the data and the type curve is only fair. The hydraulic conductivity

estimate is 3.1 ft/day. The estimate for the storage coefficient turns out to be 3.8 which is clearly

unreasonable (S is a dimensionless quantity smaller than one). This unreasonable storage coefficient

estimate results, most likely, from a data set affected by pumping from wells BIA-9 and BIA 10-8.

The resulting storativity estimates are, therefore, not reliable.

The selected type curve for the observation well data (028.1-0) corresponds to a 2-D, homogeneous

flow model, with a CDe2S parameter equal to 2.0. As shown in this log-log plot (Figure 12B), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is acceptable. The hydraulic conductivity estimate is 3.0 ft/day. The estimate for the storage

coefficient is 1.1 x 10.3 (a much better result than was obtained from the pumping well).

Aquifer Test on PW2-1

This constant rate test involved a single pumping well (PW2-l) and one observation well OB2-1,
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both on the oxide unit. Only the drawdown data for PW2-l was analyzed: however. the observation

well data appear suitable for analysis.

The selected type curve for the pumping well data (PW2-1) corresponds to a 2-D, homogeneous flow

model, with a CDe2S parameter equal to 2.0 x 108
. The estimated skin coefficient is 4.3 indicating,

perhaps, some formation clogging near the well face. As shown in the log-log plot (Figure l3B). the

match between the data and the type curve is good. The hydraulic conductivity estimate is 1.4 ftJday.

Interestingly, the estimated storage coefficient (3.2 x 10'9) seems too small compared to that

computed for other tests on the oxide unit.

Aquifer Test on PW4-l (Test 1)

This constant rate test involved a single pumping well (PW4-1) and one observation well OB4-1.

Only the drawdown data for PW4-1 was analyzed; however, the observation data appear to be good

.and suitable for analysis.

The selected type curve for the pumping well data (PW4-l) corresponds to a 2-D, homogeneous flow

model, with a CDe2s parameter equal to 2.0 x 108 which results in a skin coefficient of4.6

indicating (Figure l5A), perhaps, some formation clogging near the well face. As shown in the log

log plot (Figure 15B), the match between the data and the type curve is good. The hydraulic

conductivity estimate is 3.8 ftlday, however the estimate for the storage coefficient seems to small

(2.5 x 10.9
).

Aquifer Test on M4-0

The aquifer test on monitoring well M4-0 involved wells M2-GU, M3-GL and M5-S as observation

points. Average discharge from M4-0 during this test was reported at 15 gpm. Irrigation Well
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ENGLAND #3 was on during the test but no information is available regarding its pumping rate

history. Little or no drawdown was seen in any of the observation wells. However, at about 550

minutes into the test, the hydraulic head in all the wells shows a sharp decrease. After turning the

pump off in well M4-0. the observation wells in the unconsolidated unit showed some partial

recovery and then, at about 1,900 minutes, show a sharp drawdown. The hydraulic connection

between the oxide unit and the overlain unconsolidated units seems limited at this location.

Observation well M5-S (completed in the sulfide unit) did not show any drawdown, but instead

recovered throughout the test indicating a very limited connection to the oxide unit. Due to these

conditions, the test response from the observation wells M2-GU and M5-S was not considered

suitable for interpretation.

FLOWDIM interpretation for the pumping well results in a fair match (Figure 16B) between the

homogeneous 2-D model (CDe2s = 2 x 108
) and the field data. The hydraulic conductivity estimate

is 0.6 ft/day, with a skin factor of 3.8. The hydraulic conductivity is, however, deemed an

underestimation of the actual formation conductivity due to the effect of pumping well ENGLAND

#3.

Interpretation of observation well M3-GL used a 2-D model and resulted in a permeability estimate

of 14.8 ft/day, and storativity of 8.8 x 10-2
. The match to the selected type curve is presented in

Figure 2B.

Aquifer Test on P8-GU

This aquifer test involved a single pumping well (P8-GU) with a discharge of 85 gpm from the

Upper Basin Fill Unit (UBFU). Four observations wells (P8.1-0, P8.2-0, 08-0, and 08-GL) were

monitored. Irrigation wells BIA-9 and BIA-I0B were on during the test but no information is

available regarding their pumping rate history. Additionally, irrigation well WW-3 was turned on

briefly for sampling toward the beginning of testing, and P28-GL was also pumped during testing.

These wells did affect the measurements in the observation wells as evidenced by their lack of
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recovery when the pumping in P8-GU was stopped at about 3200 minutes into the test. Also. the

recovery in the pumping well did not reach static water leveL indicating that the observations in the

pumping well are only fair for interpretation.

Field data interpretation was attempted with a type curve for the drawdown data (P8-GlJ)

corresponding to a 2-D, homogeneous flow model, with a CDe2S parameter equal to 1.0 x 106
. This

value, in tum, results in a skin coefficient of 0.9 indicating, perhaps, only minor formation clogging

near the well face. As shown in the log-log plot (Figure 18B), the match between the data and the

type curve is fair. The hydraulic conductivity estimate is 61.3 ftIday and the estimate for the storage

coefficient is 3.2 x 10.6.

Aquifer Test on P13 :1-0

This constant rate test involved a single pumping well (P13.1-0) with a discharge of 46 gpm. All

irrigation wells are reported to be off during the test. Observation well P13-GL data shows some

irregularity, but the pumping well and observation well P 13 .2-0 appear suitable for analysis.

Observation well 013-0 showed no response during this test.

The selected type curve corresponds to a 2-D, homogeneous flow model, with a CDe2s parameter

equal to 1 x 106
. This value, in turn, results in a skin coefficient of -3.4 which indicates enhanced

hydraulic conductivity near the well. This enhanced conductivity could be the result of natural

fractures or it might be due to the drilling and well development process. As shown in the log-log

plot (Figure 20B), there is a good match between the data and the type curve so results of this test

are judged to be good. The hydraulic conductivity estimate is 0.3 ftIday which is a typical value for

the oxide zone and the storage coefficient estimate is 4.7 x 10.7
.

The hydraulic response for observation well P13.2-0 shows a strong 3-D component (Figure 21B).

Analyses of these data result in a hydraulic conductivity of 1.3 x 10-1 ft/day and a storativity of 7.0
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This constant rate test involved a single pumping well (PlS-0) with a discharge of 60 gpm.

However, irrigation Wells BIA-9 and BIA-I0B were on during the test but no information is

available regarding their pumping rates. These wells did affect observation wells (P15-GL and 0 IS

O) as evidenced by the sudden change in drawdown near the end of the test. The sudden change in

drawdown is superimposed upon the drawdown due to P15-0 and is difficult to separate. These

irregularities indicate that the observation wells are not suitable for interpretation. The pumping well

is suitable, however.

The selected type curve corresponds to a 2-D, homogeneous flow model, with a CDe2s parameter

equal to 1 x 102
• This value, in tum, results in a skin coefficient of -5.0 which indicates enhanced

hydraulic conductivity near the well. As shown in the log-log plot (Figure 22B), there is a fair match

between the data and the type curve so results of this test are judged to be acceptable when

considering the complications introduced by additional pumping wells (BIA-9 and BIA-l OB). The

hydraulic conductivity estimate is 0.5 ftlday which is a typical value for the oxide zone and the

storage coefficient estimate is 1.3 x 10-2
•

Aquifer Test on PI9.1-0

This constant rate test involved a single pumping well (P19.1-0) with a discharge of 24 gpm

pumping from the oxide zone. Observation wells P19-0 and PI9.2-0 were also completed in the

oxide zone. Two additional observations wells were also monitored during this test (OI9-GL and

well 138). The data from these two wells were strongly affected by pumping in irrigation wells BIA

10B and WW-3. However, the data sets for the oxide wells appear acceptable for analysis.
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The selected type curve for the pumping well data (P19.1-0) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 2.0 x 10 8
. This value, in tum, results in a skin

coefficient of 5.1 indicating some formation damage or clogging near the well face. As sho\V11 in

the log-log plot (Figure 25B), the match between the data and the type curve is acceptable. The

hydraulic conductivity estimate is 0.3 ftJday and the estimate for the storage coefficient is 6.2 x 10-10
.

The selected type curve for observation well data (P19-0) corresponds to a 2-D, homogeneous flow

model, with a Coe2s parameter equal to 3.0. As shown in this log-log plot (Figure 23B), the match

between the data and the type curve is good. The hydraulic conductivity estimate is 0.2 ftJday and

the estimate for the storage coefficient is 7.7 X 10-4.

The selected type curve for observation well data (P19.2-0) corresponds to a 2-D, homogeneous

flow model, with a Coe2S parameter equal to 2.0. As shown in this log-log plot (Figure 27B), the

match between the data and the type curve is fair. The hydraulic conductivity estimate is 0.2 ft/day

and the estimate for the ~torage coefficient is 1.5 x 10-4.

The above analyses show that the data deviates strongly from the 2-D flow model. Therefore, these

data were reinterpreted using a 3-D model. For this interpretation, the selected type curve for the

pumping well data.(P 19.1-0) corresponds a Coe2s parameter equal to 10. As shown in the log-log

plot (Figure 26B), the match between the data and the type curve is slightly better than that obtained

with the 2-D model. The estimated skin coefficient is -3.3 which indicates enhanced hydraulic

conductivity near the well as opposed to the formation clogging indicated by the 2-D interpretation.

The hydraulic conductivity estimate is 0.01 ftJday and the estimate for the storage coefficient is 5.6

x 10-3
.

The selected 3-D type curve for observation well data (P19-0) corresponds a Coe2s parameter equal

to 3.0. As show11 in this log-log plot (Figure 24B). the match between the data and the type curve

is only slightly better than that obtained with the 2-D model. The hydraulic conductivity estimate

is 2.4 x 10-4 ftJdav and the estimate for the storage coefficient is 1.4 x 10-6
.. ~
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The selected 3-D type curve for observation well data (PI9.2-0) corresponds a CDe2s parameter equal

to 3.0. As shown in this log-log plot (Figure 28B), the match between the data and the type curve

is acceptable. The hydraulic conductivity estimate is 2.0 x 10"" ftIday and the estimate for the storage

coefficient is 3.4 x 10-7
•

Aquifer Test on P28.1-0 (Test #1)

This constant rate test involved a single pumping well (P28.1-0) with a discharge of28 gpm from

the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower Basin Fill

Unit (LBFU) and observation wells P28.2-0 and 028.1-0 were completed in the oxide zone.

Irrigation 'Well England #3 was on during the test but no information is available regarding its

pumping rate history. Also, the recovery in the pumping well went beyond static water level. Test

interPretation included only the data set from the pumping well.

The selected type curve for the pumping well data (P28.1-0) corresponds to'a 2-D, homogeneous

flow model, with a CDe2S parameter equal to 10. This value, in turn, results in a skin coefficient of

-6.7 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could be natural, as resulting from nearby fractures, or it could be due to the drilling and well

development process. As shown in the log-log plot (Figure 30B), and due to the transient effects

produced by nearby pumping, the match between the data and the type curve is only fair. The

hydraulic conductivity estimate is 7.7 ft/day. The estimate for the storage coefficient is 5.2 which

is clearly unreasonable (S is a dimensionless quantity smaller than one). This impossible storage

coefficient estimate results from a data set affected by pumping from irrigation well England #3.

This data set is hard to match with a type curve.

Aquifer Test on P28.1-0 (Test #2)
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This constant rate test involved a single pumping well (P28.1-0) with a discharge of 86 gpm from

the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower Basin Fill

Unit (LBFU) and observation wells P28.2-0 and 028.1-0 were completed in the oxide zone.

Irrigation Well BIA-9 was on during testing, as was well P8.1-0. However, the data appear well

behaved and suitable for analysis.

The selected type curve for the pumping well data (P28.1-0) corresponds to a 2-D, homogeneous

flow model, \V1th a CDe2s parameter equal to 10. This value, in tum, results in a skin coefficient of

-4.2 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could be natural, as resulting from nearby fractures, or it could be due to the drilling and well

development process. As ShO\Vl1 in the log-log plot (Figure 31B), and in spite of the transient effects

produced by nearby pumping, the match between the data and the type curve is good. The hydraulic

conductivity estimate is 3.6 ft/day and the estimate for the storage coefficient is 3.4 x 10-2
•

The selected type curve for the observation well data (P28.2-0) corresponds to a2-D, homogeneous

flow model, with a CDe2s parameter equal to 2.0. As shown in this log-log plot (Figure 32B), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is good. The hydraulic conductivity estimate is 2.7 ft/day. The estimate for the storage

coefficient is 2.9 X 10-4.

Aquifer Test on P49-0

The aquifer test conducted on well P49-0 consisted of a constant discharge of about 40 gpm. Two

observation wells were monitored during this test; well 049-0, completed in the oxide unit, and well

049-GL completed in the Lower Basin Fill Unit. More than 180 ft of drawdown in the pumping

well rendered the pressure transducer dry. Pressure response on the observation wells was relatively

clean, with well 049-0 showing a drawdown of about 95 ft, and a drawdown in the basin fill well

of about 0.5 ft. No other wells were reported in operation during this test, so the quality of the data
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is good. As mentioned before, only partial data was collected during drawdown in the pumping welL

so the hydraulic conductivity for this test was estimated from the shut in data.

The log-log plot (Figure 34B) for this test shows that a 3-D model represents the observed data quite

well. A type-curve parameter CDe2S of 0.3 produces and estimated hydraulic conductivity value of

7.8 x 10,3 ftJday and a skin coefficient of -7.7. The estimated storage coefficient is however

surprisingly high (0.8). The reason for this extreme value is not apparent at this time.
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The hydraulic conductivity estimates from aquifer tests in the basin fill are quite variable. ranging

from 0.1 to 61.3 ftlday and, as expected, they are about an order of magnitude larger than the

hydraulic conductivity estimates for the oxide zone. The majority of hydraulic conductivity

estimates in the Basin Fill and oxide zone are reasonable. A large variation in storativity is observed

and some of these estimates are unrealistically small. The smallest values are usually derived from

interpretation of pumping well data. As commonly found in most filed tests, and also indicated by

the Florence data, test analyses in observation wells tend to give more reasonable storativity

estimates than analyses of pumping well data.

Analyses of many of the tests described above show the effects from multiple pumping wells with

unknown pumping rate history. It is our opinion that further analyses of these tests would be better

accomplished by inverse techniques that use available drawdown data to simultaneously estimate

the -unknown flow' rate history in the agricultural wells and the aquifer parameters. Golder

Associates has initiated work to accomplish these analyses. The actual effect of additional pumping

from wells in the vicinity of a test on the magnitude of the estimated hydraulic parameters is not well

understood. It would depend on whether a particular well is pumping or shut in after some period

of pumping. When a nearby well is pumping, the estimates would more likely underestimate the

actual aquifer parameters. The true effect needs, however, to be evaluated through analytical studies

that simulate typical conditions observed in the field.

Several of the hydraulic responses for the tests analyzed in this report seem to be better interpreted

by assuming a 3-D flow geometry. However, the estimated hydraulic conductivity and storativity

obtained through the 3-D analysis are two or three orders of magnitude smaller than those obtained

from the traditional 2-D radial flow model. The reason for the smaller hydraulic parameters is clear

when one considers the area available for flow under each of these models. Under the 2-D radial

flow model this area increases as a linear function of the distance from the pumping well, whereas

for the 3-D modeL it increases with the square of this distance.

Golder Associates
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In terms of predicting the producing capacity of a welL the distinction between alternative flow

geometries is not crucial. However, for evaluation of transport of solutes through the aquifer this

distinction becomes extremely relevant. It is important to notice, however, that for the simulation

of solute transport in the context of the APP process. use of the 2-D hydraulic parameters results in

conservative estimates of solute migration. By using a "reduced" area for solute transport

(interaction) one would necessarily overestimate the potential migration of solutes. It is

recommended that numerical simulations of flow and transport be carried out with the 2-D hydraulic

parameter estimates.

Of paramount importance for the in-situ operation and for environmental protection, is the

distinction between porous media flow and that resulting from discrete features. So far, the available

field data indicate that flow at the Florence Site can safely be simulated with a porous media

approach such as that built within numerical flow models like MODFLOW.

Golder Associates will continue interpreting the available hydraulic test data to support potential

needs for the APP process and future mining needs. The next phase of aquifer test interpretation will

concentrate on data from observation wells using inverse procedures as briefly described above.

The three-dimensional model does not seem to fit the data sets any better than the two-dimensional

model. Again, for the sake of conservatism, and due to the large uncertainty in the interpretation of

these tests, it is recommended that the values obtained from the 2-D model be used for subsequent

numerical simulations.

Golder Associates
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 MFGU Hydraulic Conductivity Testing Laboratory Report (300), 1995 

 MFGU Hydraulic Conductivity Testing Laboratory Report (283-288), 2011 

 MFGU Hydraulic Conductivity Testing Laboratory Report (292-297), 2011 
  



































HYDRAULIC CONDUCTIVITY TEST REPORT
ASTM D5084

Project Name Claridge - Hanlon  #91100A Project No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 283-288 feet
Sample Description Clay, very stiff, brown to red brown

Before After Units
Moisture Content, w 28.6 29.2 % Chamber Pressure: 83.3 psi
Dry Unit Weight, Dd 94.8 95.0 pcf Applied Pressure (influent): 78.3 psi
Height, L 1.81 1.80 inches Applied Pressure (effluent): 75.0 psi
Diameter, d 3.19 3.19 inches Consolidation Pressure: 5 psi
Degree of Saturation, Sr 97.2 99.5 %

Hydraulic Hydraulic Hydraulic
       Test Temp. Time Influent Effluent Conductivity Conductivity Gradient
    Number Deg. C (sec) Reading Reading (cm/sec) (cm/sec) h/L

1              Start 22.4 0 7.60 19.85 @ Test Temp. @ 20o  C

Finish 22.2 59220 8.20 19.30 4.52E-09 4.3E-09 53.09

2              Start 22.2 59220 8.20 19.30
Finish 22.5 90480 8.50 19.00 4.49E-09 4.3E-09 52.96

3              Start 22.5 90480 8.50 19.00
Finish 22.6 140400 9.05 18.55 4.70E-09 4.4E-09 52.73

4              Start 22.6 140400 9.05 18.55
Finish 22.7 229140 10.00 17.70 4.79E-09 4.5E-09 52.33

Average Hydraulic Conductivity "k" (cm/sec) @ Test Temp. 4.6E-09

Average Hydraulic Conductivity "k" (cm/sec) @ 20o  C 4.4E-09

Assumed Specific Gravity, SG 2.75 Degree of Saturation L:\Quality\Labreports\Newperm.xls

Area of Tube (cm2), a (Pipette) 0.9721 Sr = w*SG/e Dd = (SG/1+e)Dw

Permeant : Deaired Tap Water Therefore:

Formulas: Sr = (w*SG)/((SG*Dw/Dd)-1) Page 1 of 1

Permeability (Falling Head-Rising Tailwater Test) Sr = Degree of Saturation (%)

k = [(a*L/(2*A*t)] ln(ho/h1) w = Moisture Content (%)

k = Hydraulic Conductivity (cm/sec) SG = Specific Gravity
a = Area of Tube (cm2) e = Void Ratio

L = Height or Length of Sample (cm) Dd =Dry Unit Weight (pcf)
A = Area of Sample (cm2) Dw = Unit Weight of Water (62.4 pcf)

t = Time of Test Interval (sec)

ho = Height of Head at Start of Test Interval (cm)

h1 = Height of Head at End of Test Interval (cm)



HYDRAULIC CONDUCTIVITY TEST RESULTS (ASTM D5084)

Project Name Claridge - Hanlon  #91100A Job No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 283-288 feet
Sample Description Clay, very stiff, brown to red brown

0.0

Deviation Change Change Ratio
from in in Effluent/Influent

Average Influent(ml) Effluent (ml) Change

Test1 0.98 0.58 -0.53 0.92

Test 2 0.97 0.29 -0.29 1.00

Test 3 1.02 0.53 -0.44 0.82

Test 4 1.04 0.92 -0.83 0.89

ok if within 0.75-1.25 ok if within 0.75-1.25

1.0231881

0.022923341



HYDRAULIC CONDUCTIVITY TEST REPORT
ASTM D5084

Project Name Claridge - Hanlon  #91100A Project No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 292.5-297.5 feet
Sample Description Clay, very stiff, brown to red brown

Before After Units
Moisture Content, w 28.8 28.0 % Chamber Pressure: 83.5 psi
Dry Unit Weight, Dd 95.9 96.6 pcf Applied Pressure (influent): 78.5 psi
Height, L 1.95 1.95 inches Applied Pressure (effluent): 75.0 psi
Diameter, d 3.16 3.16 inches Consolidation Pressure: 5 psi
Degree of Saturation, Sr 100.4 99.0 %

Hydraulic Hydraulic Hydraulic
       Test Temp. Time Influent Effluent Conductivity Conductivity Gradient
    Number Deg. C (sec) Reading Reading (cm/sec) (cm/sec) h/L

1              Start 22.4 0 7.60 19.70 @ Test Temp. @ 20o  C

Finish 22.2 59220 8.15 19.20 4.22E-09 4.0E-09 51.94

2              Start 22.2 59220 8.15 19.20
Finish 22.5 90480 8.50 18.85 5.35E-09 5.1E-09 51.80

3              Start 22.5 90480 8.50 18.85
Finish 22.6 140400 8.95 18.40 4.32E-09 4.1E-09 51.61

4              Start 22.6 140400 8.95 18.40
Finish 22.7 229140 9.80 17.60 4.48E-09 4.2E-09 51.27

Average Hydraulic Conductivity "k" (cm/sec) @ Test Temp. 4.6E-09

Average Hydraulic Conductivity "k" (cm/sec) @ 20o  C 4.3E-09

Assumed Specific Gravity, SG 2.75 Degree of Saturation L:\Quality\Labreports\Newperm.xls

Area of Tube (cm2), a (Pipette) 0.9721 Sr = w*SG/e Dd = (SG/1+e)Dw

Permeant : Deaired Tap Water Therefore:

Formulas: Sr = (w*SG)/((SG*Dw/Dd)-1) Page 1 of 1

Permeability (Falling Head-Rising Tailwater Test) Sr = Degree of Saturation (%)

k = [(a*L/(2*A*t)] ln(ho/h1) w = Moisture Content (%)

k = Hydraulic Conductivity (cm/sec) SG = Specific Gravity
a = Area of Tube (cm2) e = Void Ratio

L = Height or Length of Sample (cm) Dd =Dry Unit Weight (pcf)
A = Area of Sample (cm2) Dw = Unit Weight of Water (62.4 pcf)

t = Time of Test Interval (sec)

ho = Height of Head at Start of Test Interval (cm)

h1 = Height of Head at End of Test Interval (cm)



HYDRAULIC CONDUCTIVITY TEST RESULTS (ASTM D5084)

Project Name Claridge - Hanlon  #91100A Job No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 292.5-297.5 feet
Sample Description Clay, very stiff, brown to red brown

0.0

Deviation Change Change Ratio
from in in Effluent/Influent

Average Influent(ml) Effluent (ml) Change

Test1 0.92 0.53 -0.49 0.91

Test 2 1.16 0.34 -0.34 1.00

Test 3 0.94 0.44 -0.44 1.00

Test 4 0.98 0.83 -0.78 0.94

ok if within 0.75-1.25 ok if within 0.75-1.25

1.0231881

0.022923341
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Site Characterization Report Section 2.3.1 
Florence 1996 APP Application 
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Application for Class III Underground Injection Control Permit  
Florence Copper Project 
 
Attachment B:  Geological and Geophysical Information 
 
 
Part I.  Geological Data (40 CFR § 146.34) 
 
 
B.1 INTRODUCTION 
 
This Attachment has been prepared in support of an application (Application) by Florence Copper Inc. 
(Florence Copper) to the United States Environmental Protection Agency (USEPA) for an Underground 
Injection Control (UIC) Class III (Area) Permit for the planned In-Situ Copper Recovery (ISCR) facility at 
the Florence Copper Project (FCP) in Pinal County, Arizona.  With this Application, Florence Copper seeks 
authorization to construct and operate a commercial-scale ISCR facility at the FCP site.  Florence Copper 
proposes to incorporate the pilot-scale Production Test Facility (PTF), which is currently operating under 
UIC Permit R9UIC-AZ3-FY11-1, into the planned commercial-scale ISCR facility at the FCP site.  This 
Attachment describes geologic formations and structure, attributes of the injection zone, and 
characteristics of Underground Sources of Drinking Water (USDW) in relation to the planned ISCR 
facility. 
 
B.2 LITHOLOGIC DESCRIPTIONS 
 
The geologic formations underlying the FCP site have been divided into three distinct water-bearing 
hydrostratigraphic units referred to as the Upper Basin Fill Unit (UBFU), Lower Basin Fill Unit (LBFU), and 
the Bedrock Oxide Unit.  The UBFU and LBFU are separated by a thin regionally extensive aquitard 
referred to as the Middle Fine-Grained Unit (MFGU).  Each of these units generally corresponds to 
regionally extensive hydrostratigraphic units described by the Arizona Department of Water Resources 
(ADWR, 1989).  The geologic and hydrologic characteristics of each of these geologic units have been 
defined by a series of studies conducted by previous site owners including Conoco, Magma Copper 
Company (Magma), and BHP Copper, Inc. (BHP Copper), and work advanced by Florence Copper. 
 
The location of two regional scale cross sections depicting the distribution and thickness of the 
hydrostratigraphic units are shown on Figure B-1, and the location of detailed site scale geologic cross 
sections are shown on Figure B-2.  The regional scale cross sections are shown on Figures B-3 and B-4 
and the detailed geologic cross sections through the ISCR area and the Area of Review (AOR) are shown 
on Figures B-5 through B-8.  Figure B-9 is a regional scale geologic map showing surficial geology in the 
vicinity of the FCP site.  Figure B-10 is a geologic map that shows surficial geology at the FCP site. 
 
B.2.1 Geologic Data Sources 
 
Conoco began characterization of the Poston Butte ore body in 1971 in order to determine the 
dewatering requirements for a planned open pit mine, and later, an underground mine planned for 
development at the FCP site.  Between 1973 and 1976, Conoco advanced a pilot underground mine and 
conducted dewatering tests at the FCP site.  Magma purchased the FCP site and surrounding vicinity 
from Conoco in 1992 and continued both geologic and hydrologic characterization of the ore body.  In 
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January 1996, BHP Copper acquired Magma, the FCP site, and surrounding land.  BHP Copper continued 
hydrologic characterization of the associated ore body and installed a pilot five-spot ISCR wellfield for 
the purpose of conducting a pilot test to demonstrate the feasibility of establishing and maintaining 
hydraulic control. 
 
During the course of characterization, Conoco, Magma, and BHP Copper drilled 310 core holes in the 
proposed AOR in a grid pattern, with a spacing of approximately 250 feet between core holes, and an 
additional 82 outside of the AOR.  The core holes within the ISCR area and the AOR are listed in 
Attachment A of this Application.  Geologic information derived from the lithologic logs of these core 
holes was used to create the geologic cross sections provided in Figures B-3 through B-8. 
 
Florence Copper acquired the FCP site in 2009, and since that time has conducted additional 
characterization activities in preparation for operating the PTF and permitting of the planned 
commercial-scale ISCR facility.  Florence Copper has drilled five core holes in the ISCR area and has 
conducted additional aquifer testing at the PTF.   
 
The geologic data and information developed by each of the previous site owners and Florence Copper 
were used to develop the geologic and hydrologic formation descriptions and description of the USDWs 
provided below.   
 
B.2.2 Upper Basin Fill Unit  
 
The UBFU is locally overlain by recent alluvial floodplain sediments emplaced by the Gila River and 
tributary washes in the vicinity of the FCP site.  The recent alluvium is unsaturated and consists of 
unconsolidated silt, sand, gravel, and boulders that locally overlie the basin fill deposits of the UBFU.  
The width of recent alluvium emplacement is approximately one mile on either side of the Gila River.  
The thickness of the recent alluvium at the FCP site ranges from zero near the bedrock outcrops to 
approximately 60 feet at the Gila River (Brown and Caldwell, 1996a). 
 
The UBFU consists primarily of unconsolidated to lightly consolidated sands and gravel, with lenses of 
finer-grained material and ranges in thickness between 50 feet near mountain fronts to approximately 
1,200 feet in the basin center.  The UBFU is estimated to range between 200 and 220 feet in thickness 
within the proposed ISCR area. 
 
The upper portion of the UBFU is not saturated and forms the vadose zone, which extends to depths 
ranging from 210 to 230 feet below ground surface (bgs).  The upper portions of the unit are generally 
fine-grained and calcareous, consisting of a gradational succession of poorly graded, silt and sand with 
minor gravel.  The lower portions are coarser-grained, with gravel interbeds.  The entire thickness of the 
UBFU is generally unconsolidated (Brown and Caldwell, 1996a). 
 
The UBFU is primarily unconfined with locally confined conditions apparent in portions of the Eloy 
sub-basin (ADWR, 1989).  However, unconfined conditions prevail within the UBFU in the proposed ISCR 
area.  Hydraulic conductivity within the UBFU in the vicinity of the FCP site is reported to range from 
20 to 130 feet per day, and specific yield ranges from approximately 13 to 20 percent (ADWR, 2010).   
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Based on 2019 groundwater level measurements, the saturated portion of the UBFU within the 
proposed ISCR wellfield is estimated to be between approximately 50 and 75 feet thick.  Depth to 
groundwater measurements at the existing Point of Compliance (POC) wells completed in the UBFU are 
provided in Table B-1.   
 
B.2.3 Middle Fine-Grained Unit  
 
The MFGU constitutes a confining unit separating the confined LBFU and Bedrock Oxide Unit from the 
unconfined overlying UBFU.  The MFGU unconformably underlies the UBFU along a gently sloping 
contact.  The unit is approximately 20 to 30 feet thick at the proposed ISCR area but increases to a 
maximum thickness of about 55 feet at the southwest corner of the site.   
 
Locally, the MFGU ranges from calcareous clay to silty sand, and includes desiccation cracks, reworked 
broken clay clasts, carbonaceous film, and thin interbeds of fine sand.  In contrast of the faults that are 
known to transect the bedrock at the ISCR area, the MFGU is relatively flat indicating that faulting 
ceased prior to deposition of the unit (Brown and Caldwell, 1996a).   
 
The MFGU is too thin for reliable construction of test wells that might be used to conduct slug tests or 
aquifer tests.  Consequently, no aquifer tests have been conducted within the MFGU.  Magma collected 
a sample of MFGU materials from bore hole M16-GU for laboratory analysis to determine hydraulic 
properties of the MFGU.  Florence Copper collected two samples of undisturbed MFGU sediments from 
core hole CMP-11-03, which was drilled in August 2011.  The laboratory hydraulic conductivity values 
determined for these samples are listed in Table B-2.  Copies of the original laboratory reports for each 
of the samples listed in Table B-2 are included herewith as Exhibit B-1.   
 
The depth, thickness, and extent of the MFGU within the ISCR wellfield area, as determined from core 
hole logs, are shown on cross sections in Figures B-5 through B-8. 
 
B.2.4 Lower Basin Fill Unit  
 
The LBFU underlies the MFGU throughout the ISCR wellfield area and comprises the lowest unit of the 
sedimentary fill overlying the Precambrian bedrock.  The MFGU-LBFU contact at the proposed ISCR area 
ranges in depth from 260 to 300 feet bgs.  The thickest deposits of LBFU occur west of the ISCR wellfield, 
along the flank of a buried graben at the western edge of the FCP site.  The increased thickness of the 
LBFU is the result of faulting, subsidence, and lithostatic loading of the basin.  The thinnest LBFU 
deposits overlie a 400- to 500-foot wide bedrock ridge west of the proposed ISCR wellfield where the 
thickness of the LBFU ranges from about 30 to 80 feet. 
 
The LBFU consists of coarse gravel, fanglomerate, conglomerate, and breccia, and is distinguished by 
greater consolidation and cementation than is exhibited by the UBFU.  The lithologic character of clasts 
in the LBFU appear similar to the overlying UBFU, with the exception of the occurrence of bedrock-
derived gravel conglomerate immediately above the bedrock contact.  The conglomerate portion of the 
LBFU may correlate with the Gila and Whitetail Conglomerates described in the region (Conoco, 1976). 
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At the FCP site, the LBFU typically exhibits confined or semi-confined characteristics and is fully 
saturated.  The water levels in the LBFU are measured at points well above the top of that unit.  Aquifer 
tests conducted at the FCP site, and measured groundwater elevations, have demonstrated that the 
LBFU and Bedrock Oxide Unit are in hydrologic communication with one another.  Depth to 
groundwater measurements for existing POC wells completed in the LBFU are included in Table B-1.   
 
B.2.5 Bedrock Oxide Unit 
 
The planned injection zone for the ISCR facility is composed of the Bedrock Oxide Unit from a point 
40 feet below the LBFU/bedrock contact to the top of the underlying sulfide zone.  The bedrock 
underlying the LBFU consists primarily of Precambrian quartz monzonite and Tertiary granodiorite 
porphyry.  The bedrock is divided into an upper oxide zone and lower sulfide zone based on copper 
mineralization.  The Bedrock Oxide Unit is estimated to range in thickness from approximately 200 feet 
to more than 1,500 feet (Brown and Caldwell, 1996a).  The depth and extent of the Bedrock Oxide Unit 
beneath the ISCR wellfield is shown on the geologic cross sections provided in Figures B-5 through B-8. 
 
The top of the Bedrock Oxide Unit consists of a weathered rubbly mixture of fracture filling and angular 
bedrock fragments.  On available well logs, this zone is included with the LBFU in some locations as it is 
difficult to distinguish in-place weathering products from overlying colluvial materials.  Below the 
weathered zone, the oxide consists of extensively fractured quartz monzonite, granodiorite, and 
associated dikes.  Movement of groundwater through the oxide bedrock zone is controlled by secondary 
permeability resulting from intensive naturally induced fracturing.   
 
Beneath the ISCR area, the Bedrock Oxide Unit is fully saturated and exhibits confined to semi-confined 
characteristics.  The water levels measured in wells completed in the Bedrock Oxide Unit are observed 
at points well above the top of that unit.  Due to the low hydraulic conductivity of the sulfide unit, there 
is no demonstrable hydraulic connection between it and the Bedrock Oxide Unit. 
 
B.2.6 Hydrologic Bedrock 
 
The Bedrock Oxide Unit is underlain locally by a zone of sulfide mineralization that occurs in the same 
quartz monzonite and granodiorite rocks that compose the oxide zone.  The lateral and vertical extent of 
the sulfide zone is uncharacterized.  The sulfide unit is substantially less fractured and consequently has 
a much lower hydraulic conductivity.   
 
In the vicinity of the FCP site, hydrologic bedrock consists primarily of Precambrian granite, gneiss, and 
schist with Mesozoic granite and related crystalline intrusive rocks, volcanic flows, sedimentary and 
metamorphic rocks, and is assumed to be impermeable (ADWR, 1989).  In the context of defining 
regional groundwater resources, the sulfide bedrock zone does not yield appreciable quantities of water 
(ADWR, 1989).  Local areas of intense fracturing may yield groundwater from the bedrock complex; 
however, previous ADWR groundwater models (ADWR, 1990 and 1994) have assumed all bedrock 
(including the Bedrock Oxide Unit) within the vicinity of the FCP site is impermeable.   
 
The groundwater model described in Attachment A of the Application characterizes the Sulfide zone as 
hydrologic bedrock which is effectively impervious to groundwater flow.  The Sulfide zone effectively 
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serves as the bottom no-flow boundary of the model.  This assumption was incorporated into the 
groundwater flow model constructed in support of the 2012 and 2014 UIC applications that resulted in 
the issuance of UIC Permit R9UIC-AZ3-FY11-1 and is consistent with groundwater modeling assumptions 
used by previous site owners. 
 
The assumption that the Sulfide zone does not support groundwater flow is based on observations 
made during aquifer tests conducted at the Florence Copper site on behalf of previous site owners and 
analyzed by Golder (1995).  The Golder (1995) report describes aquifer tests conducted at 26 pumping 
wells, with each test recording observations from multiple observation wells, resulting in 
85 independent hydraulic analyses at the Florence Copper site.  These tests included observations at 
two wells constructed in the Sulfide zone (wells M5-S and M13-S) and one well constructed in an 
upward displaced block of sulfide material (well O28.2-S).  Table E-1 of the Golder (1995) report shows 
that wells M5-S and M13-S did not have a hydraulic response to pumping conducted at wells located 
nearby and screened in the Bedrock Oxide Unit.  These observations indicate that pumping in the 
Bedrock Oxide Unit did not induce hydraulic influence on wells completed in the Sulfide zone.  Given the 
lack of hydraulic response in the sulfide wells, no pumping tests were conducted in the sulfide wells.  
The Golder (1995) report was included as Exhibit B-2 in Attachment B of the Application. 
 
One of the sulfide wells constructed at the Florence Copper site (well O28.2-S) is not considered 
representative of Sulfide zone hydraulic conductivity because it was constructed in a block of formation 
material that has been displaced upward to a relatively shallow position and is horizontally adjacent to 
highly fractured Bedrock Oxide material.  Pumping tests that included well O28.2-S did show a response 
to pumping in the Bedrock Oxide; however, the screened interval in both the pumping and observation 
well were completed at the same depth, although in different geologic units. 
 
Brown and Caldwell (1996a) conducted slug tests in the sulfide unit wells which produced hydraulic 
conductivity values between one and three orders of magnitude lower than those measured in the 
Bedrock Oxide Unit.  Sulfide bedrock hydraulic conductivity values, developed by Brown and Caldwell 
(1996a), ranged from 0.0055 to 0.05 feet per day. 
 
The assumption that the Sulfide zone is effectively hydrologic bedrock is supported by previously 
reported aquifer test results and is consistent with previous groundwater models used to support 
applications for UIC permits at the Florence Copper site. 
 
B.3 UNDERGROUND SOURCES OF DRINKING WATER 
 
A USDW, as defined in Code of Federal Regulations Title 40 (40 CFR) Section 144.3, is an aquifer or part 
of an aquifer which supplies any public water system, or contains a sufficient quantity of groundwater to 
supply a public water system and currently supplies drinking water for human consumption, or contains 
fewer than 10,000 milligrams/liter of total dissolved solids (TDS) and is not an exempted aquifer. 
 
The planned ISCR area is located within an exempted aquifer, as described in Attachment H of this 
Application.  The aquifer exemption extends horizontally 500 feet beyond the edge of the ISCR area and 
vertically 200 feet above the bedrock contact or to the base of the MFGU, whichever is lower.  
Consequently, the USDW closest to the injection zone is the UBFU in the area where the LBFU is thinner 



Application for Class III UIC Permit Attachment B:  Geological and Geophysical Information 
Florence Copper Project 
 
 

B-6 

than 200 feet in thickness, and portions of the LBFU that are more than 200 feet above the bedrock 
contact.  The USDWs are shown on the detailed cross sections presented in Figures B-5 through B-8. 
 
The bedrock also constitutes a USDW at horizontal distances of more than 500 feet beyond the edge of 
the ISCR area.  However, the bedrock is not generally considered to be a productive aquifer for water 
supply purposes due to moderately low hydraulic conductivity. 
 
The direction of groundwater flow within the USDWs in the vicinity of the FCP is generally toward the 
north-northwest.  However, the groundwater flow direction varies slightly in each of the 
hydrostratigraphic units and in response to seasonal agricultural pumping.  The groundwater flow 
direction in each of the hydrostratigraphic units is shown on Figure B-11. 
 
B.4 HYDRAULIC CHARACTERIZATION 
 
Conoco conducted a total of 34 aquifer (pumping) tests that included tests conducted in individual 
water-bearing units and various combinations of the LBFU and Bedrock Oxide Units.  After Magma 
purchased the FCP site in 1992, they initiated an intensive hydrologic characterization program that 
included a series of 49 pumping tests conducted at 17 locations at the FCP site and surrounding vicinity.  
The tests, conducted by Brown and Caldwell, included 17 pumping wells and 46 monitoring wells 
screened within the various water-bearing units.  Eight wells were completed within the UBFU, 17 wells 
within the LBFU, and 38 wells within the Bedrock Oxide Unit.  Each of the pumping tests was conducted 
at pumping rates of at least 0.25 gallons per minute per foot of screen.  After completion of the 
pumping tests, Golder Associates (Golder, 1995) analyzed the pump test data to derive hydrologic 
parameter values describing each of the water-bearing units.  The values derived by Golder for each of 
the water-bearing units confirmed, and expanded on, those derived by Conoco.  A copy of the 1995 
Golder report is included herewith as Exhibit B-2. 
 
BHP Copper did not conduct any additional aquifer tests after they acquired the property from Magma 
in 1996.  However, in order to further characterize hydrologic properties of the ore body, BHP Copper 
installed a pilot five-spot ISCR wellfield for the purpose of demonstrating the feasibility of establishing 
and maintaining hydraulic control in the Poston Butte ore body.  Documentation detailing successful 
hydraulic control and USEPA approval of cessation of hydraulic control after formation rinsing are 
included in Exhibit B-3. 
 
B.4.1 Permeability  
 
The range of hydraulic conductivities observed from the Conoco and Magma aquifer tests are reflected 
on the chart provided in Exhibit B-4, which was prepared by Brown and Caldwell (2012) and includes 
values derived from tests of individual water-bearing units conducted by those companies.   
 
Florence Copper conducted a series of aquifer tests at the PTF wellfield which included testing of wells 
completed in the UBFU, LBFU, and the Bedrock Oxide Unit.  The aquifer test results generated from the 
testing of PTF wells are described in the PTF aquifer testing report included in Attachment D, Exhibit D-4, 
of this Application.  The hydraulic conductivity values derived from aquifer tests conducted at the PTF 
wellfield are summarized in Table B-3.  The aquifer tests conducted by Florence Copper yielded an 
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average hydraulic conductivity (0.54 foot/day) within the range of values reported by Brown and 
Caldwell (2012) as observed by Conoco and Magma, and those reported by Golder (1995). 
 
No aquifer tests have been conducted within the MFGU.  The MFGU is too thin and exhibits a hydraulic 
conductivity that is too low to support aquifer pumping tests.  The thinness of the MFGU also precludes 
reliable construction of test wells that might be used to perform slug tests.  For this reason, Magma 
elected to collect a sample from bore hole M16-GU for laboratory analysis to determine hydraulic 
properties of the MFGU.  Florence Copper collected two additional MFGU samples from core hole CMP-
11-03, which was drilled in August 2011.  The laboratory hydraulic conductivity values determined for 
these samples are listed in Table B-2.  Copies of the original laboratory reports for each of the samples 
listed in Table B-2 are included in Exhibit B-1.   
 
B.4.2 Porosity  
 
In support of the application for UIC Permit R9UIC-AZ3-FY11-1, Florence Copper prepared a 
groundwater model that relied on hydrologic data and information developed by previous site owners.  
Although many studies were conducted by the previous site owners, none of them had conducted 
neutron logging to determine measured porosity values in the planned injection zone.  Consequently, 
the model incorporated values that were estimated by the previous site owners based on other 
methods.  UIC Permit R9UIC-AZ3-FY11-1 requires that Florence Copper run neutron logs at selected PTF 
wells to measure porosity within the planned injection zone.  Florence Copper retained a geophysical 
contractor (Southwest Exploration LLC) that conducted neutron logging at selected wells at the PTF 
wellfield.  The PTF wells were constructed in 12-inch nominal diameter bore holes.  This diameter of 
borehole is too large to run a conventional density tool which is normally run in a standard 7 7/8 to 
9 7/8-inch borehole.  Due to formation characteristics of the Bedrock Oxide Unit, several of the 
boreholes included significant washouts, that further increased the borehole diameter.  The additional 
borehole diameter resulted in attenuation of the density signal to the point that it is not useful for 
correlation with the neutron tool signal.  Future porosity logging will be completed using tooling 
appropriate for the planned borehole diameter, and may include neutron logs, neutron-density logs, or 
nuclear magnetic resonance logs. 
 
After running the neutron logs, Florence Copper updated the groundwater model to reflect the porosity 
values measured at the PTF wells.  The groundwater model update is described in a Technical 
Memorandum included as Exhibit B-5. 
 
Neutron logging was conducted in the boreholes for wells R-01, I-01, I-02, I-03, and I-04 in the PTF 
wellfield in accordance with Part II.C.2 of UIC Permit R9UIC-AZ3-FY11-1.  Porosity values were calculated 
from the neutron log data by Southwest Exploration LLC.  The porosity values calculated from the 
compensated neutron data and the porosity values used in the groundwater flow model are shown in 
Table B-4.  The neutron logging results are summarized in the pre-operational report included as 
Exhibit B-6. 
 
The porosity values previously applied in the groundwater flow model are comparable to the average of 
the measured porosity values using neutron logging.  The porosity values applied in the model for the 
Bedrock Oxide Unit model layers range from 5 to 8 percent and are representative of the oxide unit 
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porosity values calculated from neutron data.  The porosity values calculated for the alluvial units 
however were slightly lower but still representative of values determined by previous site-wide testing.  
The resulting calculated porosity values align very closely with those previously used in the model.   
 
Florence Copper will run one neutron log, (or equivalent log, such as a nuclear magnetic resonance log) 
for the purpose of developing additional porosity data for the bedrock oxide zone at one well in each 
new resource block to be developed.  Florence Copper will also obtain permeability data at one location 
within each new resource block to be developed during ISCR wellfield buildout. 
 
The bedrock oxide matrix porosity is not expected to change significantly with the application of ISCR 
solution (raffinate) to the formation.  The  application of raffinate to the formation will dissolve fracture 
lining copper-oxide mineralization.  Consequently, the solution will remove the lining from open 
formation fractures but will not penetrate the intact rock matrix.  Flow in the Bedrock Oxide Unit is 
governed by the degree of fracturing rather than the matrix porosity.  While the hydraulic conductivity 
may increase as a result of leaching, it will be partly balanced by mineral precipitation.  The aggregate 
change in hydraulic conductivity is not expected to be significant.  The solution will not significantly 
penetrate the formation matrix and will not change the matrix porosity. 
 
The formation contains on average only 0.25 percent recoverable copper, or about 5 pounds of copper 
per ton of rock.  The dominant copper mineral is chrysocolla, a complex copper silicate, 
(CuAl)2H2Si2O5(OH)4•nH2O, and most of it was deposited post-fracturing, and occurs mainly on 
fracture surfaces.  As it dissolves, it leaves behind clay-like solids in which other cations, especially 
aluminum, replace the copper.  During leaching, some gangue minerals, notably feldspars and calcite, 
CaCO3, also dissolve partially, releasing some aluminum, potassium, sodium, and calcium.  The most 
reactive feldspars include orthoclase, KAlSiO4, and plagioclase, (Na,Ca)(Al,Si)4O8.  
 
The net effect of the leaching process is that the recirculated leaching solution increases in TDS up to 
approximately 25,000 milligrams per liter (mg/L), or roughly 2.5 weight percent, representing the net 
amount of copper and gangue minerals dissolved during leaching.  Some of the calcium precipitates as 
gypsum when the solubility of calcium, about 500 mg/L, is exceeded.  As the rock dissolves and the 
circulating solution gradually approaches equilibrium with the solubility products of the gangue 
minerals, solid alteration products are created or precipitated, reducing the net volume change.  In 
addition to gypsum, CaSO4•2H2O, one of the new minerals is K-mica, KAl2(AlSi3O10)(OH)2.  As the 
circulating solutions approach saturation, coprecipitation of these minerals reduces the net change in 
porosity to a rate that is near neutral.  Depending on localized mineralogy, the net volume change in 
mineral material during leaching can either be slightly positive or slightly negative.   
 
Although no significant change in porosity is anticipated, it is useful to consider how a hypothetical 
change in porosity would affect solution flow through the formation.  The measured formation porosity 
is 8 percent.  A hypothetical change in porosity of 20 percent, either up or down, would change the 
formation porosity from 8 percent, down to 6 percent, or up to 10 percent.  This level of change in 
porosity is low enough that it would not affect the overall hydraulic behavior of the orebody.  This level 
of change would alter the amount of solution residing in the formation and would minimally affect fluid 
flow velocity and travel time from injection well to recovery well, but would not have substantial 
impacts on wellfield performance.   
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B.5 GEOLOGIC STRUCTURE 
 
The FCP site is located within the Sonoran Desert portion of the Basin and Range Physiographic 
Province, which is defined by the effects of extensional forces that stretched the earth’s crust 
throughout western North America.  The basin and range physiography is characterized by a series of 
pull-apart features that consist of alternating elongated mountain ranges separated by fault bounded 
alluvial basins.  The basin and range features are the surface expression of alternating down-thrown 
blocks of crust (grabens) lying between relatively elevated crustal blocks (horsts).   
 
The Basin and Range Orogeny, an extensional event, was the last major orogenic event to affect the 
Western United States and occurred from the early Miocene to the Pleistocene (17-5 Ma).  Tectonic 
processes associated with the Basin and Range Orogeny exposed metamorphic core complexes and 
resulted in igneous activity that included batholith, stock and dike emplacement, and volcanism (Nason 
and others, 1982).   
 
Following the basin and range extension, alluvial basin-fill sediments were deposited over the 
Precambrian bedrock surface at the FCP site.  The sediments consist of unconsolidated to moderately 
well-consolidated interbedded clay, silt, sand, and gravel.  Interbedded basalt flows were emplaced 
during basin fill deposition to the west and northwest of the proposed ISCR wellfield.  Total thickness of 
basin-fill materials in the vicinity of the property ranges from 300 to over 900 feet and exceeds 
2,000 feet at a distance of 1.5 miles southwest of the proposed ISCR wellfield.   
 
The Poston Butte ore body occurs on a horst block which is bounded on the east and west by normal 
faults defining the transition to the grabens on either side of the FCP site.  An east-west trending fault 
system has truncated the south end of the horst, causing bedrock elevations south of the Gila River to 
drop away by more than 1,500 feet (Conoco, 1976).  The planned ISCR wellfield will include wells 
constructed in the uplifted horst block that hosts the Poston Butte ore body. 
 
B.5.1 Known Faults  
 
The Bedrock Oxide Unit beneath the FCP site is an extensively fractured mass of granodiorite and quartz 
monzonite.  Basin and range derived tectonic stresses affecting the rock mass beneath the FCP site have 
resulted in two principal faults (Sidewinder and Party Line), and numerous smaller, discontinuous faults 
such as the Rattlesnake and Thrasher faults, which are sub-parallel to, and merge with, the larger faults.  
The faults are observed in the Bedrock Oxide Unit, but do not extend into the LBFU, MFGU, or UBFU, 
indicating that the faults predate deposition of those units.  The Sidewinder and Party Line faults are 
shown on Figure B-10. 
 
The Bedrock Oxide Unit is extensively fractured and the principal difference between the noted faults 
and other fracturing is evidence of displacement (i.e., slickensides, fault gouge, or observable offset).  
Fractures that do not show evidence of displacement are not logged as faults, while fractures that show 
evidence of displacement are logged as faults.   
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The Sidewinder and Party Line faults are assumed to extend the entire distance over which they have 
been mapped without discontinuity.  The Sidewinder and Party Line fault zones range in width from 
approximately 100 to 300 feet at locations where they been identified based on core logs.  Additional 
smaller scale faults exist within the ore body and the ISCR area, however, they are obscured by the high 
degree of naturally induced fracturing.    
 
The location of the plane of displacement at both the Sidewinder and Party Line faults has shifted 
through time with changing tectonic stresses, resulting in an irregular fault plane at each principal shear 
zone.  The observed faults do not exhibit discrete fault planes but rather a broad zone of fault induced 
rubblization.  Consequently, the faults are characterized as zones with numerous shear planes flanked 
by extensive related fracturing, which combined range in width to several hundred feet thick enveloping 
the principal shear zone.   
 
The Sidewinder fault occurs near the west side of the ISCR area and has a displacement of more than 
1,200 feet (Conoco, 1976), and represents a continuation of a complex of northwest-southeast trending 
normal faults east of the ISCR area.  Rubblization associated with the Sidewinder fault and subsequent 
erosion has resulted in a bedrock trough that underlies the western portion of the FCP site.  Additional 
en-echelon, north to northwest trending normal faults form the transition to the graben structure west 
of the ISCR area. 
 
The Party Line fault is a normal fault on the east side of the ore body which strikes north 35 degrees 
west and dips 45 to 55 degrees southwest.  This fault is reported to have a vertical displacement of over 
1,000 feet (Conoco, 1976; Nason and others, 1982).  A series of en-echelon normal faults striking 
north-south to northwest occur west of the Party Line fault.  The Party Line fault pre-dates deposition of 
the LBFU and post-dates mineralization of the ore body.  The Party Line fault partially bounds 
mineralization on the eastern side of the ore body. 
 
B.5.2 Effects of Faults on Fluid Flow 
 
Brown and Caldwell (1996a) reported that intense fracturing in the vicinity of the fault zones has 
resulted in elevated hydraulic conductivity.  Based on one aquifer test conducted by Brown and Caldwell 
adjacent to the Party Line fault in 1995, it has been inferred that hydraulic conductivity adjacent and 
parallel to the larger faults is greater than that observed in the remainder of the fractured rock mass, 
and that hydraulic conductivity perpendicular to the faults is lower than the surrounding rock mass.  
Brown and Caldwell (1996a) reported that the hydraulic signal generated from pumping irrigation well 
WW-3 was transmitted through the faults, indicating that they are not barriers to groundwater flow.  
 
Florence Copper has constructed and is currently operating a pilot-scale ISCR facility referred to as the 
PTF.  The PTF was sited at a location where one or more of the PTF wells would intersect the Sidewinder 
fault zone.  Aquifer testing was conducted at the PTF wellfield following construction of all of the PTF 
wells and prior to commencement of ISCR operations.  Aquifer tests conducted at the PTF wellfield prior 
to commencement of ISCR operations included at least one test conducted at a well (R-03) intersects the 
Sidewinder fault.  Two additional wells are projected to possibly intersect the Sidewinder fault at greater 
depth and for a shorter portion of the well bore.  No corresponding difference in hydraulic conductivity 
was observed at the wells which intersected the Sidewinder fault zone due to the extent of formation 
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fracturing.  Consequently, at the scale of the planned ISCR well spacing, the observed faults do not 
represent either flow barriers or conduits.  The results of the PTF pre-operational testing are included in 
Attachment D, Exhibit D-4, of this Application. 
 
The mapped faults occurring at the Florence Copper site are low angle faults resulting from basin and 
range extension.  The major faults have been identified and mapped based on their expression in 
coreholes drilled at the site.  Given the degree of historical tectonic activity and displacement, the faults 
are not manifest as a discrete plane of displacement, but rather are manifest as broad zones of 
rubblization with manifest displacement features.  Aquifer testing conducted at the PTF has shown that 
wells with projected fault intersects do not have markedly different hydraulic conductivity than those 
without projected fault intersections.   
 
The Sidewinder and Party Line faults have been rendered in the groundwater flow model used to 
evaluate the AOR and were derived based on core log information.  The Sidewinder and Party Line faults 
rendered in the updated groundwater model were conservatively assigned a hydraulic conductivity ten 
times greater than the surrounding oxide zone to simulate the potential for them to act as conduits 
even though there is no evidence of such characteristics based on available data.  The smaller unnamed 
faults existing within the ISCR area, which are not characterized with regards to continuity, are not 
rendered in the groundwater flow model.   
 
Based on available data, information, and hydraulic analyses, the known faults at the FCP site do not act 
as conduits to fluid flow.  The breadth of the known fault zones and the planned ISCR well spacing 
ensures that if an injection well penetrates a fault zone with elevated hydraulic conductivity, that 
recovery wells will also be completed in that fault zone and will balance the effects of injection, ensuring 
that hydraulic control is maintained.  Groundwater model simulations related to the distance of fluid 
migration in fault zones and outside of fault zones under worst-case scenarios as they pertain to the 
AOR are discussed in Attachment A of this Application. 
 
 
Part II.  Proposed Formation Testing Program (40 CFR § 146.32) 
 
 
B.6 FLUID PRESSURE DATA 
 
B.6.1. Fluid Pressure 
 
The planned injection zone is within the saturated Bedrock Oxide Unit underlying the FCP site.  The 
Bedrock Oxide Unit constitutes the uppermost portion of bedrock and consists of primarily Precambrian 
quartz monzonite and Tertiary granodiorite porphyry.  The upper portion of the Bedrock Oxide Unit is a 
weathered, rubbly mixture of fracture-filling minerals and angular bedrock fragments.  Movement of 
groundwater through the Bedrock Oxide Unit is controlled by secondary permeability resulting from 
extensive crushing of the bedrock by tectonic forces and associated brecciation. 
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The Bedrock Oxide Unit is in hydraulic communication with the overlying LBFU.  Both the bedrock oxide 
and LBFU behave as confined to semi-confined hydrostratigraphic units due to the confining nature of 
the MFGU.  The confining to semi-confining conditions within the Bedrock Oxide Unit are sufficient to 
create a piezometric surface that was measured in January 2019 at elevations between approximately 
1,252 and 1,256 feet above mean sea level (amsl).  During January 2019, groundwater elevations 
measured in the UBFU ranged between 1,251 and 1,255 feet amsl; groundwater elevations in the LBFU 
ranged between 1,250 and 1,256 feet amsl.  These groundwater elevations indicate that at the time of 
measurement, water levels in the semi-confined Bedrock Oxide Unit and LBFU were roughly equivalent 
to the unconfined water level measured in the UBFU.  Consequently, the natural pressure of the native 
formation fluid is effectively equivalent to ambient hydrostatic pressure from the water table to the 
depth of the planned injection interval. 
 
Potentiometric elevations observed in the Bedrock Oxide Unit, UBFU, and LBFU are shown on 
Figure B-11. 
 
B.6.2 Characterize the Effects of Faults on Fluid Flow 
 
Florence Copper will conduct one aquifer test in each resource block prior to commencement of ISCR 
operations.  In order to further characterize the effects of faulting on groundwater flow in the planned 
ISCR wellfield, Florence Copper will select a well that is projected to intersect one of the two major 
faults described above for aquifer testing in resource blocks where those faults are projected to exist.  If 
the aquifer test results in the fault indicates significantly different hydraulic properties than the 
surrounding resource blocks, a second aquifer test will be conducted within that resource block to 
characterize the extent of the variable hydraulic properties within the resource block. 
 
The hydraulic properties generated from the aquifer tests will be incorporated into the project 
groundwater model as part of an annual model update.  Following the update, the model will be run to 
test the effects of the update on the model calibration, and the model will be further updated as 
necessary. 
 
B.7 ESTIMATED FRACTURE PRESSURE 
 
During 1995, BHP Copper conducted 14 hydraulic packer tests in open boreholes for the purpose of 
defining the fracture gradient of undisturbed bedrock within the oxide zone.  The methods and results 
of the core hole packer testing were described in Sections 2.3.6 of the report titled Volume II of V, Site 
Characterization Report, Magma In-Situ Project (Brown and Caldwell, 1996b).  An excerpt from that 
report describing the fracture gradient analyses is included in Exhibit B-7, together with the fracture 
testing data and plots.   
 
The lowest fracture pressure observed during the packer testing conducted by Brown and Caldwell was 
0.71 pounds per square inch per foot (psi/ft).  Based on this characteristic, the USEPA established a 
fracture gradient of 0.65 psi/ft when UIC Permit AZ396000001 was issued in 1997.  That fracture 
gradient value was retained when UIC Permit R9UIC-AZ3-FY11-1 was issued in December 2016.  Florence 
Copper proposes to continue use of the fracture gradient value of 0.65 psi/ft in the new permit. 
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B.8 PHYSICAL AND CHEMICAL CHARACTERISTICS OF FORMATION FLUIDS 
 
Quarterly groundwater monitoring has been conducted at the FCP site since 1997 in accordance with 
the terms of UIC Permit AZ396000001 (superseded and replaced by R9UIC-AZ3-FY11-1 in 2016) and 
Aquifer Protection Permit (APP) No. P-101704.  The groundwater quality data derived from this 
monitoring program have been submitted to USEPA and the Arizona Department of Environmental 
Quality (ADEQ) on a quarterly basis.  Florence Copper is also conducting a separate quarterly 
groundwater monitoring program at the PTF in accordance with APP No. P-106360 and UIC Permit 
R9UIC-AZ3-FY11-1.  The most recent groundwater quality data submittals for the monitoring programs 
were made to ADEQ and USEPA on 29 April 2019.  The water quality data submitted to ADEQ with the 
quarterly submittal includes concentrations of the level 1 constituents (magnesium, sulfate, fluoride, 
and TDSs) listed in both permits.   
 
Background TDS concentrations observed at the FCP site range from approximately 270 mg/L to 
1,400 mg/L as a result of the natural mineralization of the bedrock, and near surface water quality 
impacts from past agricultural practices.  Groundwater TDS data collected in January 2019 from the POC 
wells and operational monitoring wells used for monitoring under UIC Permit R9UIC-AZ3-FY11-1, APP 
No. P-101704, and APP No. P-106360 are included in Table B-1. 
 
Florence Copper recently conducted more extensive analysis of groundwater quality within the ISCR 
area that included evaluation of a broader list of analytes at the PTF injection, recovery, observation, 
and Westbay wells.  A groundwater sample was also collected from the Conoco shaft.  The purpose of 
this analysis was to characterize groundwater quality in the Bedrock Oxide Unit at the PTF wellfield prior 
to commencement of ISCR operations.  These data were previously submitted to ADEQ in September 
2018 and are included herewith as Exhibit B-8.  The PTF wellfield is located within the proposed ISCR 
wellfield area that Florence Copper will operate under the new UIC Permit.  The combined groundwater 
quality data generated from the two quarterly groundwater monitoring programs and from the PTF pre-
operational groundwater quality samples comprise a data set that has broad coverage across the FCP 
site and that is representative of groundwater quality in the proposed ISCR wellfield area.  The water 
quality data provided in Exhibit B-8 are representative of groundwater quality within the planned ISCR 
area and the proposed injection zone. 
 
B.9 SEISMIC HISTORY 
 
The FCP site is located in an area of relatively low seismic activity.  Within the past 100 years, the 
recorded earthquakes nearest to the FCP were each more than 40 miles away from the FCP site and of a 
magnitude less than 5.0 on the Richter Scale.  The nearest earthquake to the FCP site occurred in 2010, 
41 miles northeast of the site, and had a magnitude of 3.1.  The largest earthquake recorded in 
proximity to the site occurred in 1969, east-northeast of the site and had a magnitude of 4.4 (United 
States Geological Survey, 2019) 
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TABLE B‐1
TDS CONCENTRATIONS AND WATER LEVELS AT
FCP POC WELL AND  MONITORING WELLS, JANUARY 2019
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Well Name Sample Date
Hydrostratigraphic 

Unit
Depth to Water 

(feet)
TDS 

(mg/L)
M1‐GL 1/16/2019 LBFU 215.90 640
M2‐GU 1/16/2019 UBFU 206.23 900
M3‐GL 1/16/2019 LBFU 206.47 620
M4‐O 1/16/2019 Oxide 206.25 510
M6‐GU 1/10/2019 LBFU 234.00 340
M7‐GL 1/14/2019 Oxide 236.65 280
M8‐O 1/14/2019 Oxide 234.30 390
M14‐GL 1/17/2019 LBFU 230.04 410
M15‐GU 1/17/2019 LBFU 226.38 690

M16‐GU(R) 1/22/2019 LBFU 221.34 900
M17‐GL 1/14/2019 LBFU 214.70 390
M18‐GU 1/16/2019 UBFU 207.50 970
M19‐LBF 1/8/2019 LBFU 238.32 400
M20‐O(R) 1/21/2019 Oxide 238.60 500
M21‐UBF 1/9/2019 UBFU 238.00 920
M22‐O 1/17/2019 Oxide 228.75 370
M23‐UBF 1/17/2019 UBFU 220.53 1,100
M24‐O 1/23/2019 Oxide 219.74 1,200
M25‐UBF 1/16/2019 UBFU 214.02 1,400
M26‐O 1/10/2019 Oxide 241.25 270
M27‐LBF 1/9/2019 LBFU 238.75 1,100
M28‐LBF 1/9/2019 LBFU 239.87 310
M29‐UBF 1/10/2019 UBFU 239.10 980
M30‐O 1/8/2019 Oxide 233.60 480
M31‐LBF 1/8/2019 UBFU 234.68 860
O19‐GL 1/9/2019 LBFU 234.80 470

O49‐GL(R) 1/16/2019 LBFU 218.87 680
P19‐1‐O 1/9/2019 Oxide 235.35 440
P49‐O 1/17/2019 Oxide 214.00 390

M52‐UBF 1/21/2019 UBFU 230.58 860
M54‐LBF 1/21/2019 LBFU 230.88 910
M54‐O 1/21/2019 Oxide 235.78 450
M55‐UBF 1/23/2019 UBFU 226.55 930
M56‐LBF 1/22/2019 LBFU 228.75 870
M57‐O 1/22/2019 Oxide 233.10 420
M58‐O 1/21/2019 Oxide 234.40 630
M59‐O 1/10/2019 Oxide 231.12 430
M60‐O 1/22/2019 Oxide 230.30 870
M61‐LBF 1/22/2019 LBFU 230.90 420

MW‐01‐LBF 1/23/2019 LBFU 228.60 930
MW‐01‐O 1/23/2019 Oxide 233.50 710

Notes:
FCP = Florence Copper Project
mg/L = milligrams per liter
LBFU = Lower Basin Fill Unit
POC = Point of Compliance
TDS = total dissolved solids
UBFU = Upper Basin Fill Unit

October 2019



TABLE B‐2 
MEASURED HYDRAULIC CONDUCTIVITY VALUES FOR MFGU SAMPLES 
FLORENCE COPPER PROJECT 
FLORENCE, ARIZONA 
 
 

    October 2019 

 

Sample Name  Date of Analysis 
Hydraulic 

Conductivity 
(cm/sec) 

Hydraulic 
Conductivity  

(ft/day) 

M16‐60‐300  11 October 1995  5.0 x 10‐9  1.41 x 10‐5 

CMP‐11‐03, 283‐288 feet  11 August 2011  4.4 x 10‐9  1.25 x 10‐5 

CMP‐11‐03, 292.5‐297.5 feet  11 August 2011  4.3 x 10‐9  1.22 x 10‐5 

Notes: 
cm/sec = centimeters per second 
ft/day = feet per day 
MFGU = middle fine‐grained unit 

 
 



TABLE B‐3 
MEASURED HYDRAULIC CONDUCTIVITY VALUES FOR PTF WELLS 
FLORENCE COPPER PROJECT 
FLORENCE, ARIZONA 
 
 

    October 2019 

 

Pumping Well  Test Date  Observation Wells  T  
(ft2/d) 

K  
(ft/d) 

R‐01  24 May 2018 

O‐01  407  0.48 

O‐07  411  0.49 

I‐01  407  0.48 

R‐03  22 May 2018 

O‐02  434  0.52 

O‐03  364  0.43 

I‐02  331  0.39 

R‐05  20 May 2018 

O‐04  522  0.62 

I‐03  447  0.53 

M60‐O  615  0.73 

MW01‐O  426  0.51 

R‐07  17 May 2018 

O‐05  407  0.48 

O‐06  544  0.65 

I‐04  522  0.62 

M60‐O  544  0.65 

M57‐O  482  0.57 

MW01‐O  453  0.54 

M55‐UBF  14 May 2018  N/A  483  12 

M56‐LBF  31 May 2018  N/A  453  2.1 

Notes: 
Aquifer thickness is (H) 841 feet.    
The average hydraulic conductivity (calculated using the ratio of the geometric mean of T to H) was estimated to be 

0.54 ft/d. 
ft= feet 
ft/d = feet per day 
ft2/day = square feet per day  
K = hydraulic conductivity 
PTF = Production Test Facility 
T = transmissivity   

 



TABLE B‐4 
COMPARISON OF MEASURED FORMATION  
POROSITY VALUES TO PREVIOUS MODEL VALUES 
FLORENCE COPPER PROJECT 
FLORENCE, ARIZONA 
 
 

    October 2019 

 

Model Layer and Unit  Range of Modeled  
Porosity Values 

Average Porosity Measured by 
Neutron Logging 

(I‐01, I‐02, I‐03, I‐04, and R‐01) 

Model Layers 1 and 2 (UBFU)  0.13 ‐ 0.2  0.12 

Model Layer 3 (MFGU/UBFU)  0.15 ‐ 0.2  0.12 

Model Layer 4 and 5 (LBFU)  0.2  0.12 

Model Layers 6‐10 (Bedrock Oxide) 
0.08 for Model Layers 6‐8 

0.05 for Model Layers 9‐10 
0.08 

Notes:  
LBFU = Lower Basin Fill Unit 
MFGU = Middle Fine‐Grained Unit 
UBFU = Upper Basin Fill Unit 
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FIGURE B-7

FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

GENERALIZED GEOLOGIC CROSS
SECTION D-D'

SCALE: AS SHOWN
JULY 2019
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FIGURE B-8

FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

GENERALIZED GEOLOGIC CROSS
SECTION E-E'

SCALE: AS SHOWN
JULY 2019
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POC WELLS ARE PROJECTED ONTO THE GEOLOGIC CROSS SECTION LINES.  DUE
TO CHANGES IN THE DEPTH TO BEDROCK ACROSS THE SITE, THE PROJECTED
SCREENED INTERVAL OF EACH POC WELL MAY NOT BE REPRESENTED BY THE
UNIT SHOWN ON THE CROSS SECTION.  UNIT CONTACT AND GEOLOGY WAS
DEVELOPED BY BHP COPPER (1995) AND IS BASED ON COREHOLE DATA.
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HYDRAULIC CONDUCTIVITY TEST REPORT
ASTM D5084

Project Name Claridge - Hanlon  #91100A Project No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 283-288 feet
Sample Description Clay, very stiff, brown to red brown

Before After Units
Moisture Content, w 28.6 29.2 % Chamber Pressure: 83.3 psi
Dry Unit Weight, Dd 94.8 95.0 pcf Applied Pressure (influent): 78.3 psi
Height, L 1.81 1.80 inches Applied Pressure (effluent): 75.0 psi
Diameter, d 3.19 3.19 inches Consolidation Pressure: 5 psi
Degree of Saturation, Sr 97.2 99.5 %

Hydraulic Hydraulic Hydraulic
       Test Temp. Time Influent Effluent Conductivity Conductivity Gradient
    Number Deg. C (sec) Reading Reading (cm/sec) (cm/sec) h/L

1              Start 22.4 0 7.60 19.85 @ Test Temp. @ 20o  C

Finish 22.2 59220 8.20 19.30 4.52E-09 4.3E-09 53.09

2              Start 22.2 59220 8.20 19.30
Finish 22.5 90480 8.50 19.00 4.49E-09 4.3E-09 52.96

3              Start 22.5 90480 8.50 19.00
Finish 22.6 140400 9.05 18.55 4.70E-09 4.4E-09 52.73

4              Start 22.6 140400 9.05 18.55
Finish 22.7 229140 10.00 17.70 4.79E-09 4.5E-09 52.33

Average Hydraulic Conductivity "k" (cm/sec) @ Test Temp. 4.6E-09

Average Hydraulic Conductivity "k" (cm/sec) @ 20o  C 4.4E-09

Assumed Specific Gravity, SG 2.75 Degree of Saturation L:\Quality\Labreports\Newperm.xls

Area of Tube (cm2), a (Pipette) 0.9721 Sr = w*SG/e Dd = (SG/1+e)Dw

Permeant : Deaired Tap Water Therefore:

Formulas: Sr = (w*SG)/((SG*Dw/Dd)-1) Page 1 of 1

Permeability (Falling Head-Rising Tailwater Test) Sr = Degree of Saturation (%)

k = [(a*L/(2*A*t)] ln(ho/h1) w = Moisture Content (%)

k = Hydraulic Conductivity (cm/sec) SG = Specific Gravity
a = Area of Tube (cm2) e = Void Ratio

L = Height or Length of Sample (cm) Dd =Dry Unit Weight (pcf)
A = Area of Sample (cm2) Dw = Unit Weight of Water (62.4 pcf)

t = Time of Test Interval (sec)

ho = Height of Head at Start of Test Interval (cm)

h1 = Height of Head at End of Test Interval (cm)



HYDRAULIC CONDUCTIVITY TEST RESULTS (ASTM D5084)

Project Name Claridge - Hanlon  #91100A Job No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 283-288 feet
Sample Description Clay, very stiff, brown to red brown

0.0

Deviation Change Change Ratio
from in in Effluent/Influent

Average Influent(ml) Effluent (ml) Change

Test1 0.98 0.58 -0.53 0.92

Test 2 0.97 0.29 -0.29 1.00

Test 3 1.02 0.53 -0.44 0.82

Test 4 1.04 0.92 -0.83 0.89

ok if within 0.75-1.25 ok if within 0.75-1.25

1.0231881

0.022923341



HYDRAULIC CONDUCTIVITY TEST REPORT
ASTM D5084

Project Name Claridge - Hanlon  #91100A Project No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 292.5-297.5 feet
Sample Description Clay, very stiff, brown to red brown

Before After Units
Moisture Content, w 28.8 28.0 % Chamber Pressure: 83.5 psi
Dry Unit Weight, Dd 95.9 96.6 pcf Applied Pressure (influent): 78.5 psi
Height, L 1.95 1.95 inches Applied Pressure (effluent): 75.0 psi
Diameter, d 3.16 3.16 inches Consolidation Pressure: 5 psi
Degree of Saturation, Sr 100.4 99.0 %

Hydraulic Hydraulic Hydraulic
       Test Temp. Time Influent Effluent Conductivity Conductivity Gradient
    Number Deg. C (sec) Reading Reading (cm/sec) (cm/sec) h/L

1              Start 22.4 0 7.60 19.70 @ Test Temp. @ 20o  C

Finish 22.2 59220 8.15 19.20 4.22E-09 4.0E-09 51.94

2              Start 22.2 59220 8.15 19.20
Finish 22.5 90480 8.50 18.85 5.35E-09 5.1E-09 51.80

3              Start 22.5 90480 8.50 18.85
Finish 22.6 140400 8.95 18.40 4.32E-09 4.1E-09 51.61

4              Start 22.6 140400 8.95 18.40
Finish 22.7 229140 9.80 17.60 4.48E-09 4.2E-09 51.27

Average Hydraulic Conductivity "k" (cm/sec) @ Test Temp. 4.6E-09

Average Hydraulic Conductivity "k" (cm/sec) @ 20o  C 4.3E-09

Assumed Specific Gravity, SG 2.75 Degree of Saturation L:\Quality\Labreports\Newperm.xls

Area of Tube (cm2), a (Pipette) 0.9721 Sr = w*SG/e Dd = (SG/1+e)Dw

Permeant : Deaired Tap Water Therefore:

Formulas: Sr = (w*SG)/((SG*Dw/Dd)-1) Page 1 of 1

Permeability (Falling Head-Rising Tailwater Test) Sr = Degree of Saturation (%)

k = [(a*L/(2*A*t)] ln(ho/h1) w = Moisture Content (%)

k = Hydraulic Conductivity (cm/sec) SG = Specific Gravity
a = Area of Tube (cm2) e = Void Ratio

L = Height or Length of Sample (cm) Dd =Dry Unit Weight (pcf)
A = Area of Sample (cm2) Dw = Unit Weight of Water (62.4 pcf)

t = Time of Test Interval (sec)

ho = Height of Head at Start of Test Interval (cm)

h1 = Height of Head at End of Test Interval (cm)



HYDRAULIC CONDUCTIVITY TEST RESULTS (ASTM D5084)

Project Name Claridge - Hanlon  #91100A Job No. 106200-19
Client Name Geosystems Analysis, Inc. Date Received 8/11/2011
Client Address  Date Tested 8/11/2011

Date Issued 8/18/2011
Boring No. CMP-11-03
Sample Type Undisturbed
Sample Depth 292.5-297.5 feet
Sample Description Clay, very stiff, brown to red brown

0.0

Deviation Change Change Ratio
from in in Effluent/Influent

Average Influent(ml) Effluent (ml) Change

Test1 0.92 0.53 -0.49 0.91

Test 2 1.16 0.34 -0.34 1.00

Test 3 0.94 0.44 -0.44 1.00

Test 4 0.98 0.83 -0.78 0.94

ok if within 0.75-1.25 ok if within 0.75-1.25

1.0231881

0.022923341
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1.0 INTRODUCTION
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This report presents the results of the interpretation of hydraulic tests in the area of Magma Copper

Company's (Magma) proposed in-situ mining project near Florence. Arizona. The purpose of this

report is to provide a technical basis for hydraulic parameter estimation for site characterization in

support of state and federal environmental review and permitting requirements.

This report has been prepared as a technical appendix to the Aquifer Protection Permit (APP)

Application document prepared by Brown and Caldwell (1995). As such, only hydrogeologic

information pertinent to test data interpretation is discussed in this report. The interested reader is

directed to the above reference for additional detail.

The analyses presented in this report are based on standard methods developed in the oil and gas

industry. These methods are applied to data collected and provided by Brown and Caldwell.

Interpretation of the field data is performed with the FLOWDIM™ software of Golder Associates.

This report is divided into three major sections. Chapter 2 presents the mathematical foundation for

the well test analysis. A brief discussion of each test and application of this theory to the aquifer test

at the Florence Site is presented in Chapter 3. Tables and graphical representation of these analyses

are provided in Appendixes A through C. The field <,tata used in these analyses are included in

electronic format in the attached diskette.

1.1 Background

Magma has undertaken field studies to characterize the hydrogeologic conditions near its proposed

in-situ mining site in the Poston Butte porphyry copper deposit. The proposed mine site is located

in the Basin and Range Physiographic Province of southern Arizona, in the Eloy Sub-basin of the

Pinal Active Management Area (AMA), and is about 1 mile southwest of Poston Butte and 2 miles
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northwest of the Town of Florence, Arizona.
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The rock units in the study area range in age from Precambrian to Quaternary. The floodplain

alluvium is Quaternary in age and consists mainly of unconsolidated silt, sand, gravel and boulders.

The Cenozoic basin fill deposits have been divided into three major units; the Upper (UBFU),

Middle (MBFU) and the Lower (LBFU) Basin Fill Units. The UBFU is composed of unconsolidated

to weakly cemented, interbedded clay, silt, sand gravel and boulders. The thickness of the UBFU

ranges from 200 to about 500 feet in the vicinity of the mine site. The MBFU is a discontinuous

layer composed by silt and clay that varies in thickness from zero to about 80 feet. Weakly to

moderately cemented sand, silt and clay constitute the lower unit (LBFU). The thickness of this

latter unit varies from less than 50 feet on the east to about 800 feet to the west of the mine site. The

bedrock complex consists of quartz monzonite and granodiorite porphyry, and diabase, basalt and

other volcanic rocks.

Magma has retained Bro~n and Caldwell of Phoenix, Arizona to prepare the APP application for

the Florence in-situ project. As part of this APP-site characterization effort, Brown and Caldwell

has installed forty six (46) monitoring wells and seventeen (17) test wells around the site. Eight (8)

of these wells are completed within the UBF Unit, seventeen (17) within the LBF Unit and thirty

eight (38) within the bedrock complex.. To date, Brown and Caldwell has conducted twenty five (25)

aquifer tests which include monitoring wells as well as test boreholes. Magma requested that Golder

Associates assist Brown and Caldwell with the design and interpretation of the hydraulic tests

required as part of the APP process. Nineteen (19) aquifer test locations were selected for

interpretation. These locations cover the range of typical hydrogeologic conditions observed at the

site. The following sections present an overview of the theory and methods of interpretation, and

the analytical results for a portion of these aquifer tests.

Golder Associates.
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2.0 THEORY AND METHODS OF INTERPRETATION

Well testing provides a means of acquiring knowledge of the properties of hydrogeological

formations. In the process of a well test, a known signal (usually a change in flow rate) is applied

to the formation and the resulting output signal or response is measured (usually in terms of a

change in pressure). Well test interpretation is therefore an inverse problem in that the formation

parameters are inferred by comparing a simulated model response to the measured response. The

formation parameters are derived by adjusting the flow model parameters to obtain a simulation

response that matches the measured data. Clearly, there can be significant ambiguity and non

uniqueness involved in this process, as more than one flow model with different physical

assumptions and attributes may match the data. In most situations this can be minimized by careful

validation of the selected model using other data.

The overall methodology for the detailed well test analysis of the Florence Project data was as

follows:

the data set was divided into its major components, such as the drawdo\\'TI period

and the shut-in or recovery period;

appropriate parts were then analyzed separately, with different methods of analysis

for flow periods and shut-in periods;

the analyses of the different periods were checked for consistency.

2.1 Analysis of Recovery Period

The analysis of recovery (shut-in) periods is usually based on the assumption that the shut-in period

corresponds to an event of zero flow rate following a fixed period of known finite, constant flow

Golder Associates



November 1995 953-2908

rate. If the flow rate prior to the shut-in period is variable, then this flow history can be included in

the analysis by using the superposition of a number of different but constant flow rates of different

durations.

The next step in an hydraulic test analysis involves the selection of an appropriate flow model. these

models are generally divided into three basic components.

inner boundary conditions (i.e., wellbore storage and skin effects, and fracture flow

effects);

formation flow component (i.e., homogeneous formation, dual porosity, and

composite model);.

outer boundary conditions (i.e., infinite extent condition, no flow or constant pressure

conditions).

In practice, recognition of a suitable model is performed using diagnostic plots. The data are plotted

in different coordinate systems (such as, log-log plots, semi-log Horner plots, etc.) to help the analyst

identify the appropriate model from the shape of the data. One key diagnostic plot is the derivative

plot where the derivative of the pressure with respect to the naturallogarithrn of elapsed time is

plotted against the log of time. The pressure derivative is extremely sensitive to the shape of the

pressure data and as such constitutes the most useful tool for diagnostic purposes. For example, a

horizontal line on a derivative plot (presented in a log-log scale) indicates infinite-acting radial flow

behavior.

Data from shut-in periods are examined in both log-log and semi-log diagnostic plots. This approach

allows the analyst to review the characteristics of the shut-in period. For example, when the effects

of the pre-test injection/extraction flows during drilling are significant. the shut-in pressure data

reach a peak before starting to decline at late time. This form of data is referred to as a "rollover' and
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can be easily diagnosed on the log-log and semi-log plots. The log-log and the semi-log diagnostic

plots are also used to fit selected portions of the shut-in data with appropriate straight lines and

obtain initial estimates of fonnation parameters.

After the flow model has been selected, the quality of the fit of the data 'With the model response

(called 'type curves') is adjusted by using automated regression methods. During this.stage of the

analysis, the entire data from the selected shut-in period is considered. However, during the final

regression stages, emphasis is always placed on the fit of the type curves to specific portions of the

data. Judgment of the relative goodness of fit to specific portions of the shut-in data comprises one

of the most important aspects ofthe automated data fitting procedure. Once a suitable and consistent

fit of the data is obtained to the type curves, the fit is reviewed for final refinement. The entire

measured data set from the shut-in period generated using the best flow model parameters derived

from the shut-in analysis is displayed in a cartesian plot.

After the flow model has been selected and a consistent set of analysis results obtained, a sensitivity

analysis could be conducted. This exercise is designed to quantify the likely uncertainty in the

estimated hydraulic conductivity. When carried out, it helps to detennine the range of the parameter

within which a reasonably good fit is retained between the model response and the data. The ranges

of this parameter therefore reflect uncertainty in the analysis.

2.2 Analysis of Drawdown Period

If a sufficient hydraulic head change is achieved during the drawdown period, the available data were

analyzed as a constant discharge test. Otherwise, the data were not use in the interpretation.

In an analysis of the main flow period, the source signal is assumed to be in the fonn of an

instantaneous pressure change from undisturbed in-situ conditions. The data for this flow period is

the measured hydraulic head decrease during the test resulting from fluid extraction from the
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fonnation. The analysis used a simple set of type curves which correspond to a single interpretation

model:

.. inner boundary condition: wellbore storage and skin;

fonnation: homogeneous; and

outer boundary condition: infinite lateral extent.

Only one of two parameter sets can be determined from this analysis: hydraulic conductivity and

wellbore skin (the static water level being an input parameter for this analysis) or hydraulic

conductivity and storativity. The best fit of the data to the type curves therefore corresponds to

finding the optimum set of the two output parameters.

The following section (Section 2.3) describes- the general theory underlying hydraulic test analysis.

Section 2.4 presents the governing equations and related assumptions. The parameters for various

flow models are discussed in Section 2.5. Section 2.6 outlines general methods that are applied to

the analysis of hydraulic tests. The reader interested in the specific methodology of detailed test

interpretation is therefore directed to Section 2.6.

2.3 Theoretical Background

The purpose of this discussion is to provide a summary of the mathematical and physical background

of the aspects of well test analysis that are relevant to the Florence Site. The presentation is divided

into three parts:

Part one defines the basic rock and fluid parameters used in the analysis of transient well tests

(Section 2.3.1). The second part presents the 'diffusion equation' that governs the flow in porous
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media. identifies its underlying assumptions, and describes some special solutions (Section 2.4).

Data analyses of Florence hydraulic tests are based on various solutions of the diffusion equation.

Finally, the third part describes the interpretation models that have been applied to analyze the

Florence hydraulic test data (Section 2.6).

Aspects of theoretical well testing have been documented in numerous papers and textbooks. both

in the petroleum engineering and the groundwater literature. The interested reader is directed to the

following summarizing references: Kruseman and de Ridder (1991) and Dawson and Istok (1991)

for theoretical aspects of pump test analyses written mainly for the 'hydrogeology audience' and

Earlougher (1977), Streltsova (1988), Home (1990) and Sabet (1991) targeted mainly at the

'petroleum fonnation evaluation audience.'

2.3.1 Rock and Fluid Properties

2.3.1.1 Porosity and Compressibility

Fluid properties such as water compressibility, density, viscosity, and in some cases the thennal

expansion coefficient, have to be estimated prior to analysis of the test data. Fonnation

compressibility and porosity must be known (or a reasonable value assumed) in order to analyze

transient tests and to obtain estimates for the skin coefficient.

Rock porosity, <1>, is defined as the ratio of the void volume to the total bulk volume. For analysis

of fluid movement the effective porosity of the rock is used. It represents the interconnected volume

of pores available for fluid transport. For the Florence hydraulic tests, it was assumed that the

average porosity of the Oxide and unconsolidated alluvial sediments is 0.05 and 0.10 respectively.

Fractured reservoir rocks can be represented as comprising of two overlapping continua with

different porosities. One is the intergranular matrix porosity and the other is the porosity created by

the void spaces of fractures. These two types of porosity are called primary and secondary porosity
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respectively. The total porosity (or total effective porosity) of the double-porosity system is the sum

of the primary and secondary porosities. Laboratory measurements on various types of fractured

rock have shown that the fracture porosity is usually significantly less than the matrix porosity (von

Golf-Racht, 1982)

The isothennal compressibility of water (and rock) is generally defined as:

1 dV
c = V dplr 2.1

where the derivative is taken under the condition of constant temperature. In Eq. 2.1, V is the total

volume of a given mass of material, and dV is the instantaneous change in volume induced by an

instantaneous change in pressure dP.

The total compressibility of the rock-fluid system with 100% water saturation is made up of two

components;

where:

CT = total compressibility Pa-\

Cw = compressibility of water Pa-\

CR = compressibility of rock Pa-\

2.2

Total compressibility was assumed equal to 5.4 x 10-4 Pa-\ for the analyses of the aquifer tests at the

Florence site. Water compressibility data are readily available as a function of salinity, temperature

and pressure. The correct estimation of the rock compressibility, however, is difficult. Data in the
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literature cited in Belanger et al. (1989) give a possible range of the fractured rock compressibility

as 2.0 x10-9 kPa-' to 2.0 x 10-5 kPa-'.

Specific storage, Ss, of a saturated confined aquifer is defined as the volume of water that a unit

volume of aquifer releases from storage under a unit decline in hydraulic head. This parameter

depends directly on the <PCT product (Earlougher, 1977):

where:

p

g

density of water

acceleration of gravity

m -I

2.3.1.2 Wellbore Storage

Another form of compressibility, of the fluid inside the borehole, is wellbore storage. During a

hydraulic test, wellbore storage causes the downhole flow rate to change more slowly than the

surface flow rate. The borehole storage is equal to the change in the volume of fluid in the wellbore,

per unit change in the downhole pressure. The wellbore storage coefficient is defined by

c = ~v
~p

2.4

noting that ~V refers to the change in volume of fluid inside the wellbore, and ~p refers to the

change in the downhole (borehole) pressure.
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In a wellbore with a changing fluid level (for example during a constant rate pumping period) the

wellbore storage coefficient is given by:

where:

1I:r 2 =t

pg

c
pg

volume of tubing per unit length

change in pressure per unit length

2.5

When the fluid level is fixed (for example during a shut-in period) the wellbore storage coefficient

is given by

2.6

where Vw is the test section volume (h is the test section length and rw the wellbore radius) and Cww

is the compressibility of the water in the wellbore. The wellbore storage coefficient varies by orders

of magnitude depending on the mode of storage within a test. For example, assuming pg = 10

kPa/m, h = 50 m, rw = 0.079 m, rt = 0.035 m and Cww = 4 X10,7 kPa'l, values ofC from equations

2.5 and 2.6 are calculated to be 3.8 xlO-4 m3/kPa and 3.9 X 10,7 m3/kPa, respectively.

2.3.1.3 Permeability and Hydraulic Conductivity

The estimation of hydraulic conductivity was the primary objective of the aquifer testing at the

Florence site. This parameter is related to both the fluid and fluid transmitting characteristics of the

formation. This relationship can be illustrated through the well-known Darcy equation:
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where:

11

q = -K dH
dL
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2.7

q = Darcy flux ms· l
,

K = hydraulic conductivity ms·1,

dHidL = hydraulic gradient unitless,

H = hydraulic head m,

L length or distance m.

The Darcy flux assumes that flow occurs over the entire flow area. In other words, it is a

macroscopic velocity. Darcy's law holds only for laminar flow.

.The same equation can be expressed in tenns of intrinsic penneability (k) which represents the

conductance that the rock offers to fluid flow:

where:

p = pressure

k dP
q = ---

11 dL .

Pa,

2.8

11

k

dynamic viscosity Pa-s,

intrinsic penneability m2
.

Intrinsic penneability is defined for a single fluid flowing through the rock and represents a

transmissive property of only the rock system. Equating Eq. 2.8 with Eq. 2.7 and including the head-
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pressure correlation, results in an equation relating hydraulic conductivity and intrinsic permeability:

2.3.1.4 Hydraulic Head

k
K = -pg

fl
2.9

The hydraulic head is expressed in terms of the pressure (P) and an elevation (2) relative to a known

datum. It can be thought of as a column of fluid of length H with a specific density p, assuming an

atmospheric pressure ofPatm, and acceleration of gravity g,

p-p
armH=---

pg

2.4 Assumptions and Governing Equation

- Z 2.10

The general well test analysis approach is based on solutions to the diffusion equation (also known,

in the petroleum literature, as the diffusivity equation) for various sets of initial and boundary

conditions. There are two common ways of presenting these solutions:

a) Hydraulic head, hydraulic conductivity and storage, or

b) Pressure, permeability, porosity, compressibility and fluid viscosity.

When expressed in terms of pressure, the diffusion equation is (see, for example, Lee, 1982):
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where:

13

32PicP ¢ ~ c, aP
+--=---

3r 2 r cr k at
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2.11

r

t =

radial distance

time

m,

s.

This equation is a linear parabolic partial differential equation, that is derived using the following

assumptions (Horne, 1990):

a) Darcy's Law applies;

b) Porosity, permeability, viscosity and rock compressibility are constant;

c) Fluid 'compressibility is small and constant;

d) Pressure gradients in the formation are small;

e) Flow is single phase;

f) Gravity and thermal effects are negligible;

g) Permeability is isotropic; and

h) Only horizontal radial flow is considered.

The solutions of the diffusion equation are usually given in terms of dimensionless parameters. The

dimensionless variables lead to both a simplification and generalization of the mathematics (Dake,

1978). Moreover, with dimensionless variables, the solutions are invariant in form, irrespective of

the units system used. The dimensionless pressure, PD' is a solution to Eq. 2.11 for specific initial

and boundary conditions. In the case of the constant surface flow rate (q), the pressure at any point

in the formation penetrated by the well is described by the generalized solution below (Earlougher,

1977):
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PI - P(r,t)

1..+ 953-2908

2.12

where B is the formation volume factor, equal to a volume of fluid at well pressure and temperature

normalized to standard surface conditions (B is considered to be unity during the analyses of the

Florence data). The variables to and ro are the dimensionless time and radius, respectively; Co is the

dimensionless wellbore storage. The other parameters are defined in the Nomenclature section

(Section 6.0).

The physical pressure drop is equal to a dimensionless pressure drop times a scaling factor. The

scaling factor depends only on flow rate and reservoir properties. The concept applies in general,

even for complex situations. It is this generality that makes the dimensionless solution approach

useful. Po is a function of time, location, system geometry and other variables (Earlougher, 1977).

The dimensionless time, to, in Eq. 2.12 is defined by:

kt
2.13

where rw is the radius of the well. The definitions for the dimensionless radius and the

dimensionless wellbore storage are:

r
r D 2.14r w

and,

CD
C

= 2.15.,
21t cPc/if·h
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Equations 2.13 through 2.15 are expressed in a consistent set of units. In the simple case of steady

state radial flow, PD is equal to In (r elr w), where r e is the radius of the circular constant pressure

boundary, and Eq. 2.12 becomes the well known steady-state radial form of Darcy's Equation

(Earlougher, 1977), or the Thiem Equation (see Section 2.1.1 of Kruseman and de Ridder, 1991).

For transient flow, PD is always a function of dimensionless time (Eq. 2.13), dimensionless radius

(Eq. 2.14), and other parameters related to the flow geometry (Earlougher. 1977). Dimensionless

pressure can be applied easily, and results in simple general equations that apply to any sort of

reservoir properties. It is easily adapted to mathematical manipulation and superposition so that

more complex systems can be considered.

In order to account for tests that do not have a constant flow rate (the assumption used to derive Eq.

2.12), the superposition technique is applied. This approach makes it possible to describe a variable

rate event (including a shut-in, which is an event with a zero surface flow rate) using a number of

constant rate events. The variable rate superposition has been described in detail in well testing

literature (Earlougher, 1977; Lee, 1982; Home, 1990).

The principle of superposition holds for systems that can be described mathematically as 'linear

systems' (Home, 1990). Since most well test solutions are derived from linear diffusive flow

equations with linear boundary conditions, the principle of superposition is applicable for most of

the standard response functions. The superposition theorem simply states that the sum of individual

solutions of a linear flow equation is also a solution of that equation (Drake, 1978). For a variable

rate event, the principle of superposition in time can be used to describe the flow response, using a

series of constant rate solutions. If a variable rate event is separated (discretized) into 'n' constant

rate flow periods, a solution for the nth flow period can be found by solving the diffusivity equation

for each flow rate individually and superposing the solutions according to the following equation

(Gringarten, 1979; Bourdet et al., 1989):
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n-[

PD(L AtJD + AtD)] + PD( AtD)
J= 1
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2.16

where each of the 'n' flow periods has a flow rate of qi (qi~O) and a duration of At, with At being the

elapsed time in the 'nth' flow sequence. The subscript 'D' for the time refers to dimensionless time,

which is proportional to real time and is given by Eq 2.13.

2.5 Interpretation Models

Type curve matching for pumping test data was first introduced by Theis (1935) for interpreting

crosshole responses in homogeneous aquifers. Since then, type curve matching has become one of

the most common tools in the interpretation of well test data, both in petroleum and groundwater

areas. A type curve is a graphical representation of the theoretiCal response during a test of an

interpretation model that' represents the well and· the formation being tested. A type curve is

therefore specific to the type of test for a given flow system. The type curve analysis of well test data

essentially consists of selecting a type curve that can adequately describe the actual response of the

wellbore and the formation during the test.

Type curves, therefore, include the entire dynamic behavior of an interpretation model during a test;

in other words, type curves include all the individual 'flow regimes' of an interpretation model.

.Flow regimes' are but characteristic features for the various components ofan interpretation model.

The individual components of an interpretation model dominate the well test response at different

times. These responses are broadly divided into three groups: early time, middle time, and late time

(Earlougher, 1977).

As a given test starts, the pressure transients generated by the test move away from the generator (ie.

the source/sink. well) and into the formation. At early time. the pressure signals are dominated by

features in the flow system close to the source - such as wellbore storage and skin. presence ~)
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fractures intersecting the source, etc. As the test progresses. the pressure transients move farther

away from the source and the test section pressure response reflects the transmission of pressure

through each of the significant features in the flow system in succession. The development of the

individual flow regimes in the pressure responses does not occur in discreet steps but are separated

by 'transition periods' in which the influences of parameters characterizing the two regimes are

combined. After the early time effects are over, the pressure response is indicative of larger scale

conditions in the formation. During this phase of the pressure response, features such as double

porosity, homogeneous behavior, etc. dominate the pressure response. As the test duration increases,

the pressure response reflects the formation conditions farther away from the borehole and features

such as boundary effects may affect the pressure response. Until the boundary effects are 'seen' by

the pressure signals, the formation effectively responds as if it were of 'infinite lateral extent'.

Type curves combine all the flow regimes, including the transition periods, for specific interpretation

models. Well test interpretation models are used to define the complete theoretical flow system and

the characteristics of the interpretation models are divided into these distinct periods:

1. Inner-Boundary (wellbore storage, fracture flow etc.);

2. Formation Flow Behavior (homogeneity, dual porosity etc.); and

3. Outer Boundary (infinite acting, constant pressure etc.).

These periods are illustrated in Figure 1 for pressure and pressure derivative curves. The first period

represents the inner boundary condition of the interpretation model and governs the early time

response of the model. The formation flow behavior is the flow regime when the pressure response

at the pumping well is dominated by formation flow parameters. The outer boundary condition, as

the name implies, characterizes the late-time effects.

In an idealized data set the pressure or pressure derivative will have a recognizable shape which can

be related to what is happening in the formation. When analyzing well test data it is now common

practice to plot the pressure derivative (derivative of pressure change with respect to the natural
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logarithm of time) in addition to the pressure because it is easier to recognize the characteristic

shapes of the test periods on the pressure derivative (Bourdet et al, 1983; Bourdet et aL 1989).

Examination of pressure derivative plots allows the analyst to determine the extent of each of the

three periods and, from diagnostic curve shapes, identify different types of formation response and

boundary effects. The following interpretation models are available in Golder's FLOWDIMTM code:

Inner Boundary Conditions:

a) Wellbore storage and skin;

b) Infinite conductivity or uniform flux fracture; and

b) Finite conductivity fracture.

Formation Flow Behavior:

a) Homogeneous -standard 'porous medium' flow;

b) Dual porosity -fractures in a less permeable matrix; and

c) Fractional Dimension -fracture controlled flow with "imperfect" connections.

Outer BO.lmdary Conditions:

I) Single boundary -constant pressure or no flow.

The following sections discuss only the interpretation models and parameters, which are applied to

the analyses of the Florence data. The models are:

Inner Boundary

Formation Flow

Outer Boundary

-Wellbore storage and Skin, and Fractures;

-Homogeneous and Dual Porosity; and

-Infinite Acting.

Different sets ofconstitutive parameters are used to represent each of the components of the well test

interpretation models. The parameters are:

Golder Associates



November 1995 20 953-2908

C:

h:

s:

w:

A:

wellbore storage;

total thickness of the formation (equals the test section length, for a

'fully penetrating well' assumption);

formation permeability;

fracture permeability in a double porosity system;

permeability of finite conductivity fracture;

skin factor;

fracture width;

fracture half length;

interporosity storativity ratio; and

interporosity flow coefficient.

These components of the interpretation models are described in the following sections.

2.5.1 Inner Boundary

2.5.1.1 Wellbore Storage and Skin

The wellbore storage effect prevents the downhole flow rate from instantaneously following the

surface flow rate in the case of constant rate tests. This affects the early-time transient pressure

response to a considerable extent. The wellbore storage effect can mask the formation response in

tests of very low permeability formations. Wellbore storage is characterized by a wellbore storage

constant, C, which is the change in wellbore fluid volume with pressure. For a well filled with a

single phase fluid occupying a fixed volume Vw, this constant is given by Eq. 2.6. For a well with

a changing liquid level (open tubing flow) the wellbore storage constant is given by Eq. 2.5.

To account for the wellbore storage effect in the solutions of Eq. 2.11, a dimensionless wellbore

storage constant Co was introduced (Eq. 2.15) and PD becomes a function of to' CD and s, together
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with other system parameters.
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It is important to note that the compressibility on Eq. 2.6 is that of the fluid in the wellbore. In

fractured formations, the actual wellbore storage values can exceed those computed with Eq. 2.6

because part of the storage is due to the volume of fractures in communication with the wellbore.

The difference can be a factor of 10 to 100 depending on borehole conditions (Ostrowski and

Kloska, 1989). Other effects, such as tool compliance or tool induced injections, can also increase

the apparent wellbore storage and cause the wellbore storage constant to be higher than calculated.

Another important dimensionless variable is the skin factor (s) which quantifies the near-borehole

flow conditions. Skin factors estimated from transient testing include all features that affect the

efficiency of fluid flow into the wellbore. The skin factor represents a steady sate dimensionless

pressure drop at the well face in addition to the normal transient pressure drop in the formation. The

additional pressure drop is assumed to occur in an infinitesimally thin "skin zone" (van Everdingen,

1953). The additional pressure drop can be the result of local permeability alteration (for example,

'caused by plugging of flow paths by fines in the drilling fluid, etc.). This pressure drop could also

be caused by deviation from purely 2-D radial flow near the well (for example, caused by a fracture

near the well giving rise to more linear than cylindrical symmetry flow at early time); this is also

called 'pseudo-skin' (Earlougher, 1977). The skin factor is related to this additional pressure drop

by the following equation (Earlougher, 1977):

2nkh
s = -- M sqB'Il

2.17

where b.ps' is the additional pressure drop in the skin zone. A more physically realistic concept of

skin is obtained by assuming that the skin effect is due to an altered zone of radius rs with a skin

zone hydraulic conductivity (Ks); for such a case the skin effect can be calculated from the following

equation (Earlougher. 1977):
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s =
K r
[- -1] In[_S]
Ks r w

(unitless)
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2.18

It can be seen from this equation that when the skin zone hydraulic conductivity (Ks) is higher than

the fonnation hydraulic conductivity (K) the skin effect is negative. There is clearly a practical limit

to how large the magnitude of skin can become; for the Florence tests, skin coefficients typically

vary between -7.5 and 12.0.

Pseudo-skins result from situations such as partial penetration of the water bearing fonnations,

turbulent flow, multiphase effects, and fractures intersecting the wellbore. The important difference

between mechanical skins and pseudo-skins is that the pseudo-skins penetrate the fonnation, creating

transient pressure drops that become stable only some time after the beginning of flow in the well

(Dowell Schlumberger, 1985). The total skin effect is the combination of the mechanical and all.

pseudo-skins.

2.5.1.2 Fracture Flow

When the borehole penetrates a single fracture, the early time pressure response is detennined by

wellbore storage arid the flow behavior within the fracture. Two different kinds of fractures are

considered, an infinite conductivity fracture and a finite conductivity fracture. In both these models,

the flow is assumed to take place from the fonnation to the fracture and from the fracture into the

wellbore. For the infinite conductivity fracture, a negligible pressure drop is assumed to occur within

the fracture itself. For this model, the flow goes through two flow regimes:

a) Linear flow towards the fracture from the fonnation, and then

b) A global radial flow in the fonnation.

These two successive flow regimes are also shown by a 'unifonn flux' fracture (Earlougher, 1977:
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Horne, 1990). A unifonn nux fracture is a fully penetrating vertical fracture with a uniform flow

into the fracture along its length. Both the infinite conductivity and the unifonn nux fracture models

are based on the following assumption:

a) There is no wellbore storage;

b) The fracture is vertical and fully penetrating;

c) Pressure within the fracture and the borehole is the same at all points;

d) The fracture is characterized by a half-length (Xr); and

e) The fracture is in a homogeneous aquifer.

Analysis using these models yields an estimate of:

Fracture half-length

In a finite conductivity fracture model, pressure drop is allowed to take place within the fracture.

For a finite conductivity fracture, the flow goes through three regimes:

a) Linear flow within the fracture;

b) Linear flow toward the fracture and within the fracture (bilinear flow); and

c) Global radial flow.

In this case, the. flow is detennined by the fracture half length as in the case of the infinite

conductivity fracture and also by the product of fracture penneability and fracture width. Fracture

penneability is not a parameter for the case of an infinite conductivity fracture model, since it is

considered to be infinitely large. Analysis with the finite conductivity vertical fracture yields

estimates for:

Fracture half-length
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None of the Florence tests analyzed so far have shown a response that could be associated to either

of these models. In other words, all of the tests analyzed to date have hydraulic responses typical

of porous media flow.

2.5.2 Formation Flow Behavior

Many theoretical models have been developed to describe the flow of fluids through different types

of formations in the subsurface. Flow models have been developed to account for a multitude of

heterogeneous formation behaviors. These models have increased in complexity in line with the

increased computational and graphical display powers of desktop computers. To discuss all the

models and combinations ofmodels currently available is beyond the scope of this report. Therefore,

only the models that are or might be potentially useful for the analyses of the Florence data are

discussed here, namely; homogeneous and dual porosity flow models.

2.5.2.1 Homogeneous

The homogeneous model is the simplest formation flow model. It describes flow through the pore

spaces of a homogeneous isotropic formation. Analysis with this model in FLOWDIMTM yields

estimates of:

k

s

=

=

permeability; and

skin.

This flow model is typically combined with the wellbore storage and skin (Inner boundary) and

infinite acting (Outer boundary) models to produce the theoretical model of the simplest formation
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response.

2.5.2.2 Dual Porosity
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A different method of analysis is applied to fractured formations in which flow occurs through both

the matrix and through a network of fractures. To analyze tests conducted in these formations, a dual

porosity flow model was developed by Warren and Root (1963). They showed that a model which

included two fracture related parameters, in addition to permeability and skin, could be used to

describe the pressure-time behavior of a fractured formation. These additional parameters represent

the storativity ratio of the fractures and the matrix, and the ratio of the matrix permeability to the

fracture permeability. It should be noted that the dual porosity model may also be used to represent

flow in a fracture system, where relatively low conductivity and less well connected 'background

fractures' can be equated with the 'matrix' and more dominant transmissive features with the

'fractures. '

The dual porosity models available in the well testing literature are characterized by the way flow

in the more permeable flow conduits (i.e., the fractures) interacts with that in the less permeable flow

medium (i.e. the ·matrix). There are two types of dual porosity models available vvlthin

FLOWDIMTM depending on the different types of interporosity flow:

a) Restricted Interporosity Flow: In this model there is a skin between the more

permeable medium (the fissures) and the less permeable medium (the matrix blocks)

which restricts flow; and

b) Unrestricted Interporosity Flow: In this model there is no impediment to flow

between the two media and the less permeable medium is assumed to be shaped

either like slabs or spheres.

Golder Associates



November 1995 26 953-2908

Analysis using the dual porosity model in FLOWDIMTM yields estimates of:

kf = permeability ofthe more permeable medium;

s = skin factor of the well;

Sf skin factor between fissures and the matrix;

w = interporosity storativity ratio; and

A = interporosity flow coefficient.

The definitions of permeability and skin are similar to those in Section 2.3.1.3 and 2.5.1.1. The

modifications necessary to fit them into the dual porosity model are noted below. The first of the

parameters specific to the dual porosity model, interporosity storativity ratio 'WI, is defined by:

2.19

This relationship characterizes the relative storage capacity of the two media, fracture and matrix

(characterized by subscripts If and 'm' respectively). The interporosity flow coefficient 'A',

characterizes the ability of the matrix to flow into the fractures and is defined by:

2.20

where 0: is a geometrical factor which depends on the shape of the matrix block. For spherical

matrix blocks of radius rm,

0: =
15

1r; 2.21
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and for horizontal slab matrix blocks of thickness h",.

2.22

The theory of the Warren and Root model (Warren and Root, 1963) is extensively discussed in the

well test literature (Earlougher, 1977; Streltsova, 1988; Home, 1990; Sabet, 1991). Therefore. only

practical aspects and the physical meaning of the dual-porosity flow parameters are discussed below.

The interporosity storativity ratio, w, represents the ratio between storage capacity of the fracture

network and the total storage capacity of the formation. A value of w close to zero corresponds to

a formation with a very small fracture storage capacity; w = 1 represents a reservoir with a single

dominant flow medium. Small values of w «0.1) typically reflect the small storage capacity of

fractures relative to the much larger storage capacity of the rock matrix.

The interporosity flow coefficient, A, represents the dimensionless interporosity flow capacity which

depends, primarily, on the ratio of the matrix permeability to the fracture permeability, k.n/k f . For

a given block shape factor IX, small A values correspond to a large contrast between fracture and

matrix block permeability. A permeability ratio equal to 1 represents a single porosity

(homogeneous) reservoir.

Alternatively, if k.n/kf is known (e.g. k m from laboratory tests and kr from hydraulic testing), it is

possible to estimate the characteristics of the fractures. High IX values mean large contact surface

and consequently smaller matrix blocks (high fracture density). A low value of IX corresponds to a

smaller contact surface, large matrix blocks and consequently low fracture density.

To date, none of the Florence hydraulic test responses have shown a dual-porosity behavior.
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Outer Boundary

2.5.3.1 Infinite Lateral Extent
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The model that simulates an infinite acting formation response requires no additional parameters.

In this model there is no outer boundary response different from the formation flow response.

2.6 Well Test Analysis

Pressure transient testing has been a subject of extensive work both in the field of groundwater

hydrogeology and in the oil industry for the past forty years. Over this period better measuring

devices have become available, providing more reliable field data and this, together with the advent

of powerful desktop computers, has given· rise to the development of more sophisticated

interpretation techniques.

In general, transient well tests can be separated into three basic types based on the nature of the

source signal:

a) constant rate;

b) constant pressure; and

c) slug and pulse tests.

For constant rate and constant pressure tests, the surface rate and the surface pressure, respectively,

are kept constant during the testing period. A slug test is initiated by an instantaneous pressure

change (withdraw or injection) and then the groundwater is allowed to flow to the open borehole and

to return to initial conditions. A pulse test is very similar to a slug test, the only difference is that

the interval is shut-in so that the fluid volume is kept constant. The hydraulic tests conducted at the

Florence site are constant rate type tests.
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Depending on the type of test, different analysis methods have been developed and documented in

numerous papers and manuals. The interested reader is directed to the following summarizing

references: Earlougher (1977), Gringarten (1979), Lee (1982), and Bourdet et al. (1983 and 1989)

for the analysis of constant rate tests, including multi-rate and shut-in tests; Grisak et al. (1985) for

the analysis of wellbore storage dominated pulse and slug, where practical and theoretical aspects

of testing in low permeability formations are also discussed; and Pickens et al. (1987) present some

interesting practical considerations on interpretation of hydraulic tests in low permeability

formations. For detailed descriptions of the various well test analysis methods currently in use, the

interested reader is referred to the following additional references: Streltsova (1988), Sabet (1991)

and Dawson and Istok (1991).

The purpose of this section is to present some aspects of the test analysis methods that are found to

be important for interpretation of the Florence test data. The only tests that will be described in .

detail are the constant rate tests since these are the type of tests used at the Florence site.

The principles governing the test analysis can be considered as a special pattern recognition problem

(Gringarten, 1986). In a well test, a known signal (e.g. pumping rate) is applied to an unknown

system and the response of that system (e.g. the change in water pressure) is measured during the

test. This type of problem is known as the 'inverse problem.' Its solution involves finding a well

defmed theoretical system, whose response to the same input signal is as close as possible to that of

the actual flow system. Normally this solution is not unique, but with reasonable assumptions and

information from other sources like geophysical and geological data, in most cases it is possible to

give at least a confined range of solutions.

2.6.1 Constant Rate Tests

The analysis methods for a constant rate test can be divided into two general classes:
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a) Straight line analysis methods; and

b) Type curve matching.

After plotting the data in specific coordinate systems, straight lines can be fitted to specific segments

of the data set and reservoir parameters determined from the slope and intercept of these lines. This

approach requires the data to be divided into discrete sections representing the near wellbore.

formation, and outer boundary responses. Each section is then analyzed separately.

The type curve matching approach considers the data as a continuous record. In this approach the

data is matched to type curves that represent pressure response models for different combinations

of formation and boundary conditions. The type curves are represented in terms of the dimensionless

parameters which were introduced in Section 2.4. The formation parameters are calculated from the

match points between the measured data and the type curves. These two methods are discussed in

more detail in the sections that follow.

2.6.2 Straight Line Analysis Methods

A commonly used method of obtaining reservoir parameters is by straight line analysis. In this

approach, pressure data is plotted on specialized plots, e.g. versus log(t), and straight lines fitted to

specific portions of the data are used to derive formation parameters. The theory behind straight line

methods, especially semilog Homer and MDH has been extensively described in the literature

(Earlougher, 1977). Therefore only the application of this method will be discussed here.

Straight lines fitted to the early time portion of the data can be used to obtain estimates of the

wellbore storage (pressure versus time or log pressure versus log time) or near well fracture flow

parameters (pressure vs. ( or tI4
). Straight line fits to semilog plots (pressure versus log time), or

log (Homer time) can be used to obtain estimates of wellbore storage, skin, permeability and initial

pressure; Homer time is defined later in this section. Straight lines fitted to multiple periods of
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pseudo radial flow can also be used to identify a dual porosity response and estimate the appropriate

flow parameters (A and w. see nomenclature).

Straight line analysis methods can also be applied to data presented on log-log plots. A horizontal

line fitted to a pseudo radial flow portion of the pressure derivative will provide an estimate of the

formation permeability, similar to the Horner approach. Distances to outer boundaries and the

existence of multiple boundaries can also be estimated by fitting lines to the log-log plot.

The necessary condition for application of the straight line approach to determine initial hydraulic

head and hydraulic conductivity is that the aquifer must be 'infinite acting.' This means that the

pressure response must extend beyond the influence of wellbore storage and skin effects and into a

period of pseudo-radial flow. In the case of heterogeneous behavior, the total system response must

be obtained for the method to be applied. When these conditions are met, the basic reservoir

parameters (e.g. hydraulic conductivity) can be derived. The straight line method was in many cases

not applicable to the Florence test data, even for the estimation of basic formation parameters,

.because many of the hydraulic tests are strongly affected by pumping in nearby irrigation wells,

rendering the pseudo-radial flow period difficult to identify.

Nonetheless, the basic ideas of the straight line analysis are presented here for the benefit of the

reader. A special application of this method is the case of the analysis of a shut-in period after a

constant rate flow period. According to the superposition principle, the solution for this case is

(Horne, 1990):

PoP0 [ tpO + tJ.toJ - PD [tJ.toJ

where tpD is the dimensionless flow period duration and tJ.to is the dimensionless elapsed time from

the start of the shut-in. The dimensionless pressure (Po) and the dimensionless time are defined in

Section 2.5.2. For infinite acting radial flow during both the flow period and the shut-in, Eq. 2.23
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leads to the following solution for the source well in a homogeneous reservoir:

953-2908

qB~ t p + ~t
~-:-ln ---
4 rr. kh ~t

2.24

Therefore when the pressure is plotted against the natural logarithm of (tp + ~t)/~t, where tp is the

flow period duration and ~t is the shut-in time, the data will show a straight line with a slope of

m
qB~

4 rr. kh

during a period of infinite acting radial flow. The pressure axis intercept represents the initi~

formation pressure (P) or equivalently the static water level. Such a plot is known as a Homer plot

and (tp + ~t)/~t is referred to as Homer time which is a dimensionless quantity. For a multiple rate

transient test this method can be generalized by plotting (Gringarten et aI., 1980):

n-l n-l
P(~t) VS. 1 [L (qi - qi-l) log [L ~tj + ~t] - (qn-l - qn) log~t] 2.26

Iqn-l - qnl i=l j=l

where ~tJ is the duration of each constant rate event. In Eq, 2.26 the time/rate function is referred

to as the superposition function, and the plot is known as a generalized Horner plot.

2.6.3 Type Curve Matching and Automatic Regression

A transient well test generally comprises an input impulse (e.g. a change in flow rate) which is

imposed on the test interval, and the recorded response (e.g. a change in pressure). The nature and
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shape of the response is governed by test geometry parameters (interval volume, flow rate. etc.), fluid

parameters (viscosity, compressibility, etc), and formation flow parameters (permeability. porosity,

etc.). Some of these are known directly or can be measured either in-situ during the test or in

laboratory tests. However. some of the parameters which control the formation response cannot be

measured directly and must be inferred from the test response. An analytical mathematical model

of the dependence of the formation response on the formation flow parameters can be developed and

solved. Then by matching the measured test response to the model response it can be inferred that

the model parameters have the same values as the actual reservoir parameters. This process is

known as 'Type Curve Matching.'

2.6.4 Theory of Type Curve Matching

We will consider the single constant rate case to present the basic theory of type curve matching.

For a constant rate case, the dimensionless pressureis defined as (Home, 1990):

21tkh
PD = (P - P) = A tlP

qB~ 1

where A is a function of k, h, q, B, and ~.

Re-arranging Eq.' s 2.13 and 2.27, we get:

2.27

2.28

where B is a function of k, h, and~. Or in logarithmic terms:
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LogPD = Log I1P + LogA

t B
Log(-E...) = Log I1t + Log(-)

CD C
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2.29

2.30

The combination of the dimensionless time and wellbore storage is a way to reduce the number of

independent variables and make the type curves easier to distinguish from each other. Since, by

definition, the dimensionless pressure and time/storage are linear functions of actual pressure and

time, the log of actual pressure change will differ from the log of the dimensionless pressure drop

by a constant amount. The same is also true for the log of actual time. Thus when the appropriate

interpretation model has been selected, the actual pressure vs. (time) curve and the theoretical curve

PD vs. (TJeD) have identical shapes, but are shifted with respect to one and other when plotted on

the same log-log scale.

The objective of this type curve analysis is to evaluate the amount of shift between the two sets of

curves. When the actual data is matched to the theoretical curve on the log-log axes, a match point

is selected and the reservoir parameters obtained by rearranging and substituting PD and I1P, and

(TJcD) and I1t into the above equations as follows:

PD[-] matchpoint = A = permeability
M

tD/CD
[ ] matchpoint = (B/C) + permeability = wellbore storage

I1t
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Originally Po was plotted versus to on a series of distinct curves for welbore storage/skin and infinite

acting radial flow (Agarwal et aL 1970). Manipulation of the dimensionless pressure equation,

created a combined storage and skin variable, Coe"S that could be used to generate a series of type

curves (Gringarten, 1979) for different Coe"S values. The skin factor is obtained by substitution of

the calculated dimensionless storage into the Coe"S value obtained from the type curve that gives the

best match, and the corresponding Coe"S appropriate to that curve. Other type curves have been

developed for fractured reservoirs (see, for example, Bourdet and Gringarten, 1980) and for

formations with composite behavior.

For further details of the theoretical aspects of type curve matching, the interested reader is referred

to Gringarten (1987), Chapter 4 of Sabet (1991), and Section 3.3 of Earlougher (1977).

2.6.5 Dimensionless Type Curves

The solutions to the analytical models can be expressed as a series of dimensionless variables

(Section 2.5.1). These dimensionless variables are important because they simplify the formation

response models by representing the transient test parameters in terms of model parameters which

remain fixed during the test, thus reducing the total number of unknowns which need to be

considered. They" also have the additional advantage of providing model solutions that are

independent of units. The definition of these dimensionless variables assumes that the test

parameters (flow rate, interval volume), the fluid parameters (viscosity, compressibility), and the

reservoir parameters (permeability, compressibility, porosity, and reservoir thickness) all remain

constant throughout the test.

Theoretical models of reservoir behavior can be presented as a family of dimensionless type curves,

expressed in terms of dimensionless pressure (Po), that are a function of to and other dimensionless

variables. Each curve in the family is characterized by dimensionless variables that depend on the

particular model. These parameters are defined as the product of a measured parameter (e.g. pressure

Golder Associates-



November 1995 36 953-2908

or time change) and parameters characterizing the reservoir (porosity, permeability, etc.).

The type curves used for the analysis of a pumped withdrawal test in a formation are called

drawdown type curves and are defined as:

The actual data for type curve analysis are defined as:

2.34

The change in pressure (~P) is plotted against the change in time (~t) where ~t is the elapsed time

since the start of the pumping sequence, and ~p is the corresponding pressure reading.

Interpretation models can be obtained by a combination of the appropriate component (inner

boundary, formation behavior, and outer boundary) models which have been developed. Their

dimensionless solutions are superposed (in space and time) to obtain the type curves required for

analysis. Type curves have been published for most of the common reservoir configurations (e.g.

homogeneous, dual porosity, etc).

The drawdown type curves are not strictly valid for analyzing flow periods (drawdowns or build-ups)

after the first drawdown. For each drawdown type curve there exists a 'family' of build-up type

curves that depend on the production period, tp' The corresponding theoretical build-up type curve

is obtained from the appropriate drawdown curve by superposition as follows (Gringarten et ai.,

1980):
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The build-up type curves must be calculated for each test. because they depend upon the test

conditions. For a multi rate (MR) flow test the type curve can be expressed by Eq. 2.16 in Section

J -_.).

2.6.6 Derivative Type Curves

A relatively recent innovation (Bourdet et al., 1983), made much easier with the introduction of

computer aided techniques, is to plot the derivative ofPD with respect to In (tdCp) on the same axes

as the PD vs. TD lCo. The derivative is useful as a diagnostic plot when trying to determine the

different flow regimes that may occur during the test. The advantage of the derivative plot is that

it is able to display in a single graph many separate characteristics that would otherwise require

different plots.

During pure wellbore storage (Earlougher, 1977) showed that:

2.36

then taking the derivative

2.37

During infinite acting radial flow (which does not show a characteristic response on a log-log scale)

in a homogeneous formation (Bourdet et al., 1983):
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2.38

then taking the derivative

2.39

Therefore, both at early and late times, all Po' behaviors are identical and independent of the Coe2S

values. At early time, all the curves merge into a straight line corresponding to Po = 1. At late time

the curves merge into a single straight line of slope = -1, corresponding to Po' = O.5/(tdCo). Between

these two asymptotes, each of the Coe2s curves exhibit a specific shape. It is more useful however,

to plot the type curves as Po! (to/Co) versus (b /~). This is a better choice of axes becau~e the

pressure and time axes are now consistent with the dimensioless pressure axes described earEer.

At early time, the type curves follow a unit slope log-log straight line. When infinite acting radial

flow is reached, the derivative curves become horizontal at Po' (to/CD) = 0.5. Between these two

asymptotes, the type curves and derivatives are distinctly different for the combined 'family' of Cde
2S

curves. This makes it easier to correctly identify the correct Cde
2S curve corresponding to the data.

The derivative shape also provides an improved diagnostic tool for other formation models such as

dual porosity, composite, fracture flow, and outer boundary responses.

Modern well test analysis has been greatly enhanced by the introduction of the pressure derivative

type curves. The advent of computer aided interpretation has made calculation of the derivative of

real data relatively straightforward. The advantage of the derivative plot is that it is able to display

in a single graph many separate characteristics of the flow system that would otherwise require

different plots (Horne, 1990). The power of the pressure derivative arises from the fact that it

magnifies the differences in shapes between the various flow regimes that can be present during a
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given flow period, thereby enhancing the diagnostic capabilities of the analyst by a significant

amount (Gringarten, 1986).

The interpretation method implemented in FLOWDIM, a Golder Associates proprietary software,

takes full advantage of the derivative approach as discussed above. Test interpretation of the aquifer

tests in the Florence study area were conducted using this software. The following section presents

a brief discussion of the interpretation of each test.
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3.0 TEST fNTERPRETATION RESULTS
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This section provides a briefdescription of the conditions during each aquifer test, general comments

on the quality of the data, and results from the analytical interpretation. One critical piece of

information during any hydraulic test program is the location of nearby active wells and their

pumping rates and duration of pumping periods. In the case of the Florence aquifer tests, a precise

discharge rate history for nearby agricultural wells is, in general, not available. Complete

interpretation of the affected aquifer tests is not possible without this information, and the resulting

estimated hydraulic conductivity may be inaccurate.

In some cases, boundary effects and abrupt changes in the pumped well discharge rate complicated

the interpretation of the drawdo\\-TI and recovery data, not to mention the effect of nearby agricultural

wells. To the extent permitted by the data, an attempt was made to discern amongst effects produced

by geological controls and those produced by the cycling of nearby agricultural wells .. Information

about the hydraulic tests conducted to date is summarized in Table 1 (See Appendix A). Also shown

in this table are the name designations of the wells participating in a given test, starting and ending

date of the test, and available information regarding geologic formation, screen location, drawdoVvTI

and discharge data.

Table 2 (See Appendix A) presents a summary of the hydraulic conductivity estimates resulting from

our interpretation. Also included in this table is the name of the formation penetrated by the

particular welles), and comments and qualifiers on the conductivity estimates. The available data

are classified into three different categories; fair, acceptable and good. A fair data set is one that is

interpretable but the estimated hydraulic conductivity should be used with caution. An acceptable

data set represents a test with some uncertainty and usually results in an underestimate of the

formation hydraulic parameters. A good data set results in a hydraulic conductivity that is deemed

as a close representation of the formation conductivity.

The following table is considered useful for the understanding of subsequent section ans is therefore
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included in the text. The table provides an abbreviated summary of the estimate hydraulic

Well K
Identification Active/Observation (feeUday)

Basin Fill Deposits
iMI-GL Active 17.3
'M3-GL 'Active 15.9
MI4-GL Active 1.7
MI4-GL3d :Active 0.1
M15-GU 'Active 2.6
M18-GL .Active 19.6

ip28-GL iActive 8.3
028-GL Observation (P28-GL) .,'" .,

I
-.).-

M3-GL iObservation (M4-0) 14,8

iP8-GU ,Active 61.3
Oxide

iM4-0 iActive 0.6
,PW2-1 :Active 1.4
,PW4-1 ;Active 3.8
,PW7-1 'Active 0.2

i OB7-1 'Observation (PW7-1) 0.1
ip12-0 ,Active 0.4
I 012-0 'Observation (Pl2-0) 0.6,

:p19.1-0 !Active 0.3
P19-0 Observation (P 19.1-0) 0.2
P19.2-0 ' ,Observation (P19.1-0) 0.2

iP19.1-03d 'Active 1.00E-02 ;
I

P19-03d iObservation (P 19.1-0) 2.39E-04 i

P19.2-03d ,Observation (P19.1-0) 1.99E-04 i

iP39-0 iActive 0.3
039-0 iObservation (P39-0) 0.3

iP28.1-0 Active 7.7
iP28.1-0 (2) !Active 3.6
I P28.2 -0 ,Observation (P28.1-0) 2.7
:P28.2-0 ·Active 3.1

028.1-0 Observation (P28.2-0) 3.0
P13.1-0 Active 0.3

P49-03d A..~tive/RecoveryData 7.75E-03
P15-0 Active 0.5,------_... - -----

conductivity presented in Table 2 in Appendix A. This abbreviated table divides wells into those

testing the Basin Fill Units. and those testing the mineralized bedrock.
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As seen from this table, the hydraulic conductivity for the Basin Fill Units vary from 1.7 to 61.3 feet

per day (ft/day), whereas that for the quartz monzonite and the granodiorite porphyry vary from 0.1

to 7.7 ft/day (with exception of the 3-D analyses). The maximum conductivity value for the Basin

Fill units was derived from a test in the Upper Unit. The smaller variation in the hydraulic

conductivity suggest a greater degree of heterogeneity than that of the mineralized bedrock.

Appendix A contains a summary sheet for each test interpretation, including a calculation of

hydraulic conductivity in feet per minute (ftlmin), feet/day (ftlday), meter per second (m/sec), and

centimeter per second (em/sec), as well as the estimated value of the skin factor. Appendix B

presents the log-log plots of the type curve selected for the analysis, and observed drawdown versus

time. Appendix C includes report forms from the FLOWDIM interpretation for each test. This form

contains the well name, type of test, and date of the test. Well geometry information, such as well

radius, interval length, formation tested, total depth, as well as discharge rate and test duration are

also included in this form. In addition, this form presents also the model assumptions and numerical

values for hydraulic parameters.

The following paragraphs offer a cursory description of test conditions and hydraulic conductivity

estimates for each test. The first few tests are discussed in detail to provide the reader with a basis

for understanding the remaining tests presented in Appendix A through C. Detailed discussion for

unique and interesting tests is given as warranted by test response.

Aquifer Test on MI-GL

This constant rate test involved a single well with a discharge of 10 gallons per minute (gpm). Well

M I-GL is a monitoring borehole completed within the lower basin fill unit (LBFU). Nearby

agricultural wells BIA-9 and BIA-l OB were reported to be active during the test. The test response

shows a slight "recovery" of the hydraulic head during the test. This effect is responsible for the

decrease in drawdovvTI (circles) in the late time data presented in Figure 1B in Appendix B. Final
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recovery of the hydraulic head resulted in a water elevation higher than the elevation reported at the

beginning of the test; indicating that the observed hydraulic head response is a superposition of more

than one stress on the aquifer (namely; the transient effects from wells BIA-9 and BIA-l OB).

The log-log plot presented in Figure 1B shows both the drawdown data and its derivative with

respect to the natural log of time (triangles) versus time, and the dimensionless type curve that was

selected for interpretation of this test. In this particular case the selected type curve corresponds to

a two-dimensional (notice the asymptotic approach to PD' = 0.5), homogeneous flow model, with a

CDe2S parameter equal to 2 x 10 8 • This value, in turn, results in a skin coefficient of 3.3 (see

summary interpretation in Figure lA in Appendix A) indicating some possible formation clogging

near the well face. Figure IB shows the transient effects produced by nearby pumping, and that the

match between the data and the type curve is poor. The pressure derivative of the data shows a large

amount of random variation in late time, making it difficult to better assess the hydraulic parameters.

The hydraulic conductivity estimate is 17.3 ftlday. It is our opinion that this conductivity value most

likely overestimates the actUal conductivity of the formation in that the observed drawdown appears

to be affected by a recovery trend that limits its final magnitude. The effect of nearby pumping

(recovery) may be responsible for the extremely small estimate of the storage coefficient (8.4 x 10-").

Aquifer Test on M3-GL

Aquifer test on monitoring well M3-GL (Figure 14B) involved wells M2-GU, M4-0 and M5-S as

observation points. Average discharge from M3-GL during this test was reported at 10 gpm. Well

M3-GL is completed in the Lower Basin Fill Unit, while M2-GU and M4-0 are completed in the

Upper Basin Fill Unit (UBFU) and the oxide unit, respectively. Irrigation Well ENGLAND #3 was

on during the test but no information regarding its pumping rate is available. Observation wells M2

GU and M5-S showed recovery 100 minutes into the test. The hydraulic response for wells M2-GU

and M4-0 is minimal and quite erratic. This small response between M2-GU and M3-GL may

indicate a limited hydraulic connection between the lower and Upper Basin Fill Unit in this area of
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the site. After shut in of well M3-GL, observation wells M2-GU and M4-0 showed a slight recovery

and then began to drop off again which may be the result of cycling of agricultural pumping. The

hydraulic response of well M5-S appears completely independent of pumping on well M3-GL. Due

to the above conditions. the hydraulic responses from the observation wells were considered not

suitable for interpretation.

Data interpretation for this test was accomplished by means of a 2-D, homogeneous model (as

indicated by the approach of the derivative of Po = 0.5) with a Coe2s parameter equal to 1 x 10 6

(Figure 14B). The skin parameter was estimated to be 1.16 (Figure 14A); indicating slight formation

clogging near the well face. The overall fit of the drawdown data and the selected type curve is

relatively good up to about 10 hours into the test. However, the pressure derivative data deviates

sharply from the type curve just after about 0.1 hour into the test. The· estimated hydraulic

conductivity for the Lower Basin Fill Unit is 15.9 ftJday with a storage coefficient of 3 x 10.7
. The

. .
deviation of the data. from the derivative and this small storage coefficient may be an effect produced

by pumping from ENGLAND #3 well.

Aquifer Test on MI4-GL

Well M14-GL was tested under a constant discharge ofabout 10 gpm. This well is completed within

the Lower Basin Fill Unit (LBFU). Well MI5-GU, in the Upper Basin Fill Unit, serves as an

observation well. Irrigation Wells BIA-9 and BIA-l OB were on during the test but no information

is available regarding their pumping rate history. Additionally, MI-GL was pumping during testing.

Very little drawdown was seen in the observation well (MI5-GU). However, a sharp increase in

hydraulic head was observed at about 1,000 minutes after pumping in M14-GL ceased. Recovery

in the pumping well went beyond initial reported static water level. It is suspected that one or both

of the pumping agricultural wells may be responsible for these effects. Field data from the

observation well was not considered suitable for interpretation.
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Two interpretation models were applied to the drawdown data from well M14-GL. First, a 2-D,

homogeneous model (Figure 3A) was used to match the field data. It was seen (Figure 3B) that only

the early data (t < 50 min) closely approximated both the pressure and pressure derivative of the 2-D

type curve. At later times, the derivative of the field data deviated sharply from the type curve. As

discussed in Section 2.6, this type of deviation is characteristic of a 3-D flow regime. Analyses of

these data using a 3-D model (Figures 4A and 4B) shows that the overall fit to both 'pressure and

pressure derivative improved significantly. Given the relatively short length of the screened interval

as compared to the thickness of the Lower Basin Fill Unit in that location, it is not surprising that

the test response suggests 3-D flow (typical of a partially penetrating well). Hydraulic conductivity

estimates from these two different models are reported in Table 2 as well as in Figures 3C and 4C.

The resulting conductivity estimates are 1.7 and 0.1 ftIday for the 2-D and 3-D models respectively.

Although the 3-D type-curve better represents this field data, it is recommended, for the sake of

conservatism, that numerical simulation of flow and transport be conducted with the larger hydraulic

conductivity estimate. As will be discussed later for some of the other tests, 3-D conductivity

estimates are typically smaller than corresponding 2-D estimates.

Aquifer Test on MI5-GU

This constant rate test involved a single pumping well (M IS-GU) discharging at 10 gpm from the

upper consolidated unit (UBFU) and one observation well (MI4-GL) which was completed in the

Lower Basin Fill Unit (LBFU). Irrigation Wells BlA-9 and BlA-I OB were on during the test but no

information is available regarding their pumping rate history. The pumping well recovery rose above

the static water level. It may be that one or both of the irrigation wells were shut off during testing,

causing these effects. Due to the above effects the data form the observation well were not

considered suitable for interpretation. Only the data for MIS-GU was analyzed.

The selected type curve for the pumping well data (M I5-GU) corresponds to a 2-D, homogeneous

flow modeL with a Coecs parameter equal to 10 (see Figure 5C). This value, in turn, results in a skin
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coefficient of 6.6 indicating (Figure 5A), perhaps, some formation clogging near the well face. As

shoY'm in the log-log plot (Figure 5B), the match between the data and the type curve is good. The

hydraulic conductivity estimate is 2.6 ftIday. The estimate for the storage coefficient is 1.1 x 10- 11

which is clearly too small and another indication of the difficulty involved in modeling marginal

data.

Aquifer Test on MI8-GU

This constant rate test involved a single pumping well (MI8-GU) with a discharge of 10 gpm from

the Upper Basin Fill Unit (UBFU). This was a short duration test with no observation wells. The

data set is fair for interpretation.

The selected type curve for the pumping well data (MI8-GU) corresponds to a 2-D, homogeneous

flow model, with aCoe2s 'parameter equal to 1.0 x 10 15 . This value, in turn, results in a skin

coefficient of 11.4 (Figure 6A) indicating significant formation clogging near the well face. As

shoY'm in the log-log plot (Figure 6B), the match between the data and the type curve is good. The

hydraulic conductivity estimate is 19.6 ftIday. The estimate for the storage coefficient is 8.7 x 10- 16

which is clearly much too small and another indication of only a fair data set.

Aquifer Test on P39-0

This constant rate test involved a single pumping well (P39-0) with a discharge of 55 gpm pumping

from the oxide zone. It had a single observation well (039-0) which was also completed in the

oxide zone. The data appears to be good and suitable for analysis.
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The selected type curve for the pumping well data (P39-0) corresponds to a 2-D. homogeneous now

modeL with a Coe1s parameter equal to 100. This value, in tum, results in a skin coefficient of -1.8

(Figure 7A). As shown in the log-log plot (Figure 7B), the match between the data and the type

curve is good. The hydraulic conductivity estimate is 0.3 ft/day and the estimate for the storage

coefficient is 9.6 x 10-1.

The selected type curve for the observation well data (039-0) corresponds to a 2-D, homogeneous

flow model, with a Coe1S parameter equal to 2.0. As shown in this log-log plot (Figure 8B), the

match between the data and the type curve is good. The hydraulic conductivity estimate is 0.3 ft/day

and the estimate for the storage coefficient is 4.3 x 10-4 (Figure 8C).

Aquifer Test on PW7-1

This constant rate test involved a single pumping well (PW7-1) with a discharge of 38 gpm from the

oxide zone. Observation wells OB7-1 and OB-l are also completed in the oxide zone. Observation

well 03-GL straddles the interface between the basin fill deposits and the oxide. Irrigation wells

BIA-IOB and WW-3 were on during testing and appear to have had some effect on the data as shown

by early recovery in these wells. However, data sets from PW7-1 and OB7-1 appear acceptable and

suitable for analysis.

The selected type curve for the pumping well data (PW7-1) corresponds to a 2-D, homogeneous flow

modeL with a Coe2S parameter equal to 100. This value, in tum, results in a skin coefficient of -2.1

(Figure 17A) which indicates enhanced hydraulic conductivity near the well. As shoVvTI in the log

log plot (Figure 17B), and in spite of the transient effects produced by nearby pumping, the match

between the data and the type curve is good. The hydraulic conductivity estimate is 0.2 ft/day and

the estimate for the storage coefficient is 1.8 x 10,3 (Figure 17C).

The selected type curve for the observation well data (OB7-1) corresponds to a 2-D. homogeneous
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flow model. As shown in this log-log plot (Figure 9B), and due to the transient effects produced by

nearby pumping, the match between the data and the type curve is fair. The hydraulic conductivity

estimate is 0.1 ftlday and the estimate for the storage coefficient is 1.3 x 10-4 (Figure 9C).

Aquifer Test on P12-0

This constant rate test involved a single pumping well (P12-0) with a discharge of 64 gpm from the

oxide zone. Observation well 012-0 was also completed in the oxide zone whereas observation

well 012-GL was completed within the LBFU. The data appear to show multiple pumping well

effects. Drawdown increased at approximately 500 minutes into the test, recovery was observed at

3,000 minutes, additional drawdown was seen at 7,000 minutes, and more recovery was observed

at approximately 9,000 minutes. Large drawdown variations were also recorded the observation

wells. Due to the above effects, this test is considered marginal for interpretation, and only the. first

3,000 minutes of data from wells P12-0 and 012-0 were used.

The selected type curve for the pumping well data (P12-0) corresponds to a 2-D, homogeneous flow

model, with a CDe2S parameter equal to 3.0. This value, in tum, results in a skin coefficient of -4.3

which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity could

be natural, as resulting from nearby fractures, or it could be due to the drilling and well development

process. As shown in the log-log plot (Figure 19B), the match between the data and the type curve

is fair. The hydraulic conductivity estimate is 0.4 ftlday and the estimate for the storage coefficient

is 4.2 x 10-1
•

The selected type curve for observation well data (012-0) corresponds to a 2-D, homogeneous flow

model. As shov.-n in this log-log plot (Figure lOB), the match between the data and the type curve

is fair. The hydraulic conductivity estimate is 0.6 ftlday and the estimate for the storage coefficient

is 2.2 x 10-3
.
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This constant rate test involved a single pumping well (P28-GL) with a discharge of 75 gpm from

the Lower Basin Fill Unit (LBFU). Observation well 028-GL was completed in the Lower Basin

Fill Unit (LBFU) and observation wells P28.1-0, P28.2-0 and 028.1-0 were completed in the oxide

zone. Observation well 028.2-S was completed in the sulfide zone. Irrigation Wells BIA-9 and

BIA-10B were on during the test but no information is available regarding their pumping rate history.

Additionally ENGLAND #3 and WW-3 were on briefly for sampling toward the beginning of the

test, and P8-GU was also pumping during this test. The test results appear good and suitable for

analysis, however, only data from P28-0 and 029-GL were interpreted.

The selected type curve for the pumping well data (P28-GL) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 1.0 x 10 6
. This value, in turn, results in a skin

coefficient of 1.3 which may indicate some formation damage near the well face. As shown in the

log-log plot (Figure 29B), and in spite of the transient effects produced by nearby pumping, the

match between the data and the type curve is good. The hydraulic conductivity estimate is 8.3 ft/day

and the estimate for the storage coefficient is 3.4 x 10-7
.

The selected type curve for the observation well data (028-GL) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 2.0. As shown in this log-log plot (Figure lIB), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is fair. The hydraulic conductivity estimate is 23.2 ft/day. The estimate for the storage

coefficient is 2.7 X 10-5.

Aquifer Test on P28.2-0

This constant rate test involved a single pumping well (P28.2-0) with a discharge of 77 gpm

pumping from the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower
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Basin Fill Unit (LBFU), observation well 028.1-0 and P28.1-0 were completed in the oxide zone.

and observation well 028.2-S was completed in the sulfide zone. Irrigation Wells BIA-9 and

BIA1O-B were on during the test but no information is available regarding their pumping rate history.

These wells did affect the data in all observation wells as evidenced by decrease in the drawdown

at later time in all observation wells. Also, the recovery in the pumping well went beyond static

water level, indicating that the observations in the pumping well are not ideal for interpretation.

However, overall, the test is judged to be acceptable for interpretation.

The selected type curve for the pumping well data (P28.2-0) corresponds to a, 2-D, homogeneous

flow model, with a CDe2s parameter equal to 10. This value,.in turn, results in a skin coefficient of

-6.5 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could result from nearby fractures, or it could be due to the drilling and well development process.

As shown in the log-log plot (Figure 33B), and due to the transient effects produced by nearby

pumping, the match between the data and the type curve is only fair. The hydraulic conductivity

estimate is 3.1 ft/day. The estimate for the storage coefficient turns out to be 3.8 which is clearly

unreasonable (S is a dimensionless quantity smaller than one). This unreasonable storage coefficient

estimate results, most likely, from a data set affected by pumping from wells BIA-9 and BIA 10-8.

The resulting storativity estimates are, therefore, not reliable.

The selected type curve for the observation well data (028.1-0) corresponds to a 2-D, homogeneous

flow model, with a CDe2S parameter equal to 2.0. As shown in this log-log plot (Figure 12B), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is acceptable. The hydraulic conductivity estimate is 3.0 ft/day. The estimate for the storage

coefficient is 1.1 x 10.3 (a much better result than was obtained from the pumping well).

Aquifer Test on PW2-1

This constant rate test involved a single pumping well (PW2-l) and one observation well OB2-1,
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both on the oxide unit. Only the drawdown data for PW2-l was analyzed: however. the observation

well data appear suitable for analysis.

The selected type curve for the pumping well data (PW2-1) corresponds to a 2-D, homogeneous flow

model, with a CDe2S parameter equal to 2.0 x 108
. The estimated skin coefficient is 4.3 indicating,

perhaps, some formation clogging near the well face. As shown in the log-log plot (Figure l3B). the

match between the data and the type curve is good. The hydraulic conductivity estimate is 1.4 ftJday.

Interestingly, the estimated storage coefficient (3.2 x 10'9) seems too small compared to that

computed for other tests on the oxide unit.

Aquifer Test on PW4-l (Test 1)

This constant rate test involved a single pumping well (PW4-1) and one observation well OB4-1.

Only the drawdown data for PW4-1 was analyzed; however, the observation data appear to be good

.and suitable for analysis.

The selected type curve for the pumping well data (PW4-l) corresponds to a 2-D, homogeneous flow

model, with a CDe2s parameter equal to 2.0 x 108 which results in a skin coefficient of4.6

indicating (Figure l5A), perhaps, some formation clogging near the well face. As shown in the log

log plot (Figure 15B), the match between the data and the type curve is good. The hydraulic

conductivity estimate is 3.8 ftlday, however the estimate for the storage coefficient seems to small

(2.5 x 10.9
).

Aquifer Test on M4-0

The aquifer test on monitoring well M4-0 involved wells M2-GU, M3-GL and M5-S as observation

points. Average discharge from M4-0 during this test was reported at 15 gpm. Irrigation Well
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ENGLAND #3 was on during the test but no information is available regarding its pumping rate

history. Little or no drawdown was seen in any of the observation wells. However, at about 550

minutes into the test, the hydraulic head in all the wells shows a sharp decrease. After turning the

pump off in well M4-0. the observation wells in the unconsolidated unit showed some partial

recovery and then, at about 1,900 minutes, show a sharp drawdown. The hydraulic connection

between the oxide unit and the overlain unconsolidated units seems limited at this location.

Observation well M5-S (completed in the sulfide unit) did not show any drawdown, but instead

recovered throughout the test indicating a very limited connection to the oxide unit. Due to these

conditions, the test response from the observation wells M2-GU and M5-S was not considered

suitable for interpretation.

FLOWDIM interpretation for the pumping well results in a fair match (Figure 16B) between the

homogeneous 2-D model (CDe2s = 2 x 108
) and the field data. The hydraulic conductivity estimate

is 0.6 ft/day, with a skin factor of 3.8. The hydraulic conductivity is, however, deemed an

underestimation of the actual formation conductivity due to the effect of pumping well ENGLAND

#3.

Interpretation of observation well M3-GL used a 2-D model and resulted in a permeability estimate

of 14.8 ft/day, and storativity of 8.8 x 10-2
. The match to the selected type curve is presented in

Figure 2B.

Aquifer Test on P8-GU

This aquifer test involved a single pumping well (P8-GU) with a discharge of 85 gpm from the

Upper Basin Fill Unit (UBFU). Four observations wells (P8.1-0, P8.2-0, 08-0, and 08-GL) were

monitored. Irrigation wells BIA-9 and BIA-I0B were on during the test but no information is

available regarding their pumping rate history. Additionally, irrigation well WW-3 was turned on

briefly for sampling toward the beginning of testing, and P28-GL was also pumped during testing.

These wells did affect the measurements in the observation wells as evidenced by their lack of
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recovery when the pumping in P8-GU was stopped at about 3200 minutes into the test. Also. the

recovery in the pumping well did not reach static water leveL indicating that the observations in the

pumping well are only fair for interpretation.

Field data interpretation was attempted with a type curve for the drawdown data (P8-GlJ)

corresponding to a 2-D, homogeneous flow model, with a CDe2S parameter equal to 1.0 x 106
. This

value, in tum, results in a skin coefficient of 0.9 indicating, perhaps, only minor formation clogging

near the well face. As shown in the log-log plot (Figure 18B), the match between the data and the

type curve is fair. The hydraulic conductivity estimate is 61.3 ftIday and the estimate for the storage

coefficient is 3.2 x 10.6.

Aquifer Test on P13 :1-0

This constant rate test involved a single pumping well (P13.1-0) with a discharge of 46 gpm. All

irrigation wells are reported to be off during the test. Observation well P13-GL data shows some

irregularity, but the pumping well and observation well P 13 .2-0 appear suitable for analysis.

Observation well 013-0 showed no response during this test.

The selected type curve corresponds to a 2-D, homogeneous flow model, with a CDe2s parameter

equal to 1 x 106
. This value, in turn, results in a skin coefficient of -3.4 which indicates enhanced

hydraulic conductivity near the well. This enhanced conductivity could be the result of natural

fractures or it might be due to the drilling and well development process. As shown in the log-log

plot (Figure 20B), there is a good match between the data and the type curve so results of this test

are judged to be good. The hydraulic conductivity estimate is 0.3 ftIday which is a typical value for

the oxide zone and the storage coefficient estimate is 4.7 x 10.7
.

The hydraulic response for observation well P13.2-0 shows a strong 3-D component (Figure 21B).

Analyses of these data result in a hydraulic conductivity of 1.3 x 10-1 ft/day and a storativity of 7.0

Golder Associates



November 1995

Aquifer Test on P15-0

54 953-2908

This constant rate test involved a single pumping well (PlS-0) with a discharge of 60 gpm.

However, irrigation Wells BIA-9 and BIA-I0B were on during the test but no information is

available regarding their pumping rates. These wells did affect observation wells (P15-GL and 0 IS

O) as evidenced by the sudden change in drawdown near the end of the test. The sudden change in

drawdown is superimposed upon the drawdown due to P15-0 and is difficult to separate. These

irregularities indicate that the observation wells are not suitable for interpretation. The pumping well

is suitable, however.

The selected type curve corresponds to a 2-D, homogeneous flow model, with a CDe2s parameter

equal to 1 x 102
• This value, in tum, results in a skin coefficient of -5.0 which indicates enhanced

hydraulic conductivity near the well. As shown in the log-log plot (Figure 22B), there is a fair match

between the data and the type curve so results of this test are judged to be acceptable when

considering the complications introduced by additional pumping wells (BIA-9 and BIA-l OB). The

hydraulic conductivity estimate is 0.5 ftlday which is a typical value for the oxide zone and the

storage coefficient estimate is 1.3 x 10-2
•

Aquifer Test on PI9.1-0

This constant rate test involved a single pumping well (P19.1-0) with a discharge of 24 gpm

pumping from the oxide zone. Observation wells P19-0 and PI9.2-0 were also completed in the

oxide zone. Two additional observations wells were also monitored during this test (OI9-GL and

well 138). The data from these two wells were strongly affected by pumping in irrigation wells BIA

10B and WW-3. However, the data sets for the oxide wells appear acceptable for analysis.
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The selected type curve for the pumping well data (P19.1-0) corresponds to a 2-D, homogeneous

flow model, with a Coe2s parameter equal to 2.0 x 10 8
. This value, in tum, results in a skin

coefficient of 5.1 indicating some formation damage or clogging near the well face. As sho\V11 in

the log-log plot (Figure 25B), the match between the data and the type curve is acceptable. The

hydraulic conductivity estimate is 0.3 ftJday and the estimate for the storage coefficient is 6.2 x 10-10
.

The selected type curve for observation well data (P19-0) corresponds to a 2-D, homogeneous flow

model, with a Coe2s parameter equal to 3.0. As shown in this log-log plot (Figure 23B), the match

between the data and the type curve is good. The hydraulic conductivity estimate is 0.2 ftJday and

the estimate for the storage coefficient is 7.7 X 10-4.

The selected type curve for observation well data (P19.2-0) corresponds to a 2-D, homogeneous

flow model, with a Coe2S parameter equal to 2.0. As shown in this log-log plot (Figure 27B), the

match between the data and the type curve is fair. The hydraulic conductivity estimate is 0.2 ft/day

and the estimate for the ~torage coefficient is 1.5 x 10-4.

The above analyses show that the data deviates strongly from the 2-D flow model. Therefore, these

data were reinterpreted using a 3-D model. For this interpretation, the selected type curve for the

pumping well data.(P 19.1-0) corresponds a Coe2s parameter equal to 10. As shown in the log-log

plot (Figure 26B), the match between the data and the type curve is slightly better than that obtained

with the 2-D model. The estimated skin coefficient is -3.3 which indicates enhanced hydraulic

conductivity near the well as opposed to the formation clogging indicated by the 2-D interpretation.

The hydraulic conductivity estimate is 0.01 ftJday and the estimate for the storage coefficient is 5.6

x 10-3
.

The selected 3-D type curve for observation well data (P19-0) corresponds a Coe2s parameter equal

to 3.0. As show11 in this log-log plot (Figure 24B). the match between the data and the type curve

is only slightly better than that obtained with the 2-D model. The hydraulic conductivity estimate

is 2.4 x 10-4 ftJdav and the estimate for the storage coefficient is 1.4 x 10-6
.. ~
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The selected 3-D type curve for observation well data (PI9.2-0) corresponds a CDe2s parameter equal

to 3.0. As shown in this log-log plot (Figure 28B), the match between the data and the type curve

is acceptable. The hydraulic conductivity estimate is 2.0 x 10"" ftIday and the estimate for the storage

coefficient is 3.4 x 10-7
•

Aquifer Test on P28.1-0 (Test #1)

This constant rate test involved a single pumping well (P28.1-0) with a discharge of28 gpm from

the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower Basin Fill

Unit (LBFU) and observation wells P28.2-0 and 028.1-0 were completed in the oxide zone.

Irrigation 'Well England #3 was on during the test but no information is available regarding its

pumping rate history. Also, the recovery in the pumping well went beyond static water level. Test

interPretation included only the data set from the pumping well.

The selected type curve for the pumping well data (P28.1-0) corresponds to'a 2-D, homogeneous

flow model, with a CDe2S parameter equal to 10. This value, in turn, results in a skin coefficient of

-6.7 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could be natural, as resulting from nearby fractures, or it could be due to the drilling and well

development process. As shown in the log-log plot (Figure 30B), and due to the transient effects

produced by nearby pumping, the match between the data and the type curve is only fair. The

hydraulic conductivity estimate is 7.7 ft/day. The estimate for the storage coefficient is 5.2 which

is clearly unreasonable (S is a dimensionless quantity smaller than one). This impossible storage

coefficient estimate results from a data set affected by pumping from irrigation well England #3.

This data set is hard to match with a type curve.

Aquifer Test on P28.1-0 (Test #2)

Golder Associates
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This constant rate test involved a single pumping well (P28.1-0) with a discharge of 86 gpm from

the oxide zone. Observation wells P28-GL and 028-GL were completed in the Lower Basin Fill

Unit (LBFU) and observation wells P28.2-0 and 028.1-0 were completed in the oxide zone.

Irrigation Well BIA-9 was on during testing, as was well P8.1-0. However, the data appear well

behaved and suitable for analysis.

The selected type curve for the pumping well data (P28.1-0) corresponds to a 2-D, homogeneous

flow model, \V1th a CDe2s parameter equal to 10. This value, in tum, results in a skin coefficient of

-4.2 which indicates enhanced hydraulic conductivity near the well. This enhanced conductivity

could be natural, as resulting from nearby fractures, or it could be due to the drilling and well

development process. As ShO\Vl1 in the log-log plot (Figure 31B), and in spite of the transient effects

produced by nearby pumping, the match between the data and the type curve is good. The hydraulic

conductivity estimate is 3.6 ft/day and the estimate for the storage coefficient is 3.4 x 10-2
•

The selected type curve for the observation well data (P28.2-0) corresponds to a2-D, homogeneous

flow model, with a CDe2s parameter equal to 2.0. As shown in this log-log plot (Figure 32B), and

in spite of the transient effects produced by nearby pumping, the match between the data and the type

curve is good. The hydraulic conductivity estimate is 2.7 ft/day. The estimate for the storage

coefficient is 2.9 X 10-4.

Aquifer Test on P49-0

The aquifer test conducted on well P49-0 consisted of a constant discharge of about 40 gpm. Two

observation wells were monitored during this test; well 049-0, completed in the oxide unit, and well

049-GL completed in the Lower Basin Fill Unit. More than 180 ft of drawdown in the pumping

well rendered the pressure transducer dry. Pressure response on the observation wells was relatively

clean, with well 049-0 showing a drawdown of about 95 ft, and a drawdown in the basin fill well

of about 0.5 ft. No other wells were reported in operation during this test, so the quality of the data

Golder Associates
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is good. As mentioned before, only partial data was collected during drawdown in the pumping welL

so the hydraulic conductivity for this test was estimated from the shut in data.

The log-log plot (Figure 34B) for this test shows that a 3-D model represents the observed data quite

well. A type-curve parameter CDe2S of 0.3 produces and estimated hydraulic conductivity value of

7.8 x 10,3 ftJday and a skin coefficient of -7.7. The estimated storage coefficient is however

surprisingly high (0.8). The reason for this extreme value is not apparent at this time.

Golder Associates
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The hydraulic conductivity estimates from aquifer tests in the basin fill are quite variable. ranging

from 0.1 to 61.3 ftlday and, as expected, they are about an order of magnitude larger than the

hydraulic conductivity estimates for the oxide zone. The majority of hydraulic conductivity

estimates in the Basin Fill and oxide zone are reasonable. A large variation in storativity is observed

and some of these estimates are unrealistically small. The smallest values are usually derived from

interpretation of pumping well data. As commonly found in most filed tests, and also indicated by

the Florence data, test analyses in observation wells tend to give more reasonable storativity

estimates than analyses of pumping well data.

Analyses of many of the tests described above show the effects from multiple pumping wells with

unknown pumping rate history. It is our opinion that further analyses of these tests would be better

accomplished by inverse techniques that use available drawdown data to simultaneously estimate

the -unknown flow' rate history in the agricultural wells and the aquifer parameters. Golder

Associates has initiated work to accomplish these analyses. The actual effect of additional pumping

from wells in the vicinity of a test on the magnitude of the estimated hydraulic parameters is not well

understood. It would depend on whether a particular well is pumping or shut in after some period

of pumping. When a nearby well is pumping, the estimates would more likely underestimate the

actual aquifer parameters. The true effect needs, however, to be evaluated through analytical studies

that simulate typical conditions observed in the field.

Several of the hydraulic responses for the tests analyzed in this report seem to be better interpreted

by assuming a 3-D flow geometry. However, the estimated hydraulic conductivity and storativity

obtained through the 3-D analysis are two or three orders of magnitude smaller than those obtained

from the traditional 2-D radial flow model. The reason for the smaller hydraulic parameters is clear

when one considers the area available for flow under each of these models. Under the 2-D radial

flow model this area increases as a linear function of the distance from the pumping well, whereas

for the 3-D modeL it increases with the square of this distance.

Golder Associates
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In terms of predicting the producing capacity of a welL the distinction between alternative flow

geometries is not crucial. However, for evaluation of transport of solutes through the aquifer this

distinction becomes extremely relevant. It is important to notice, however, that for the simulation

of solute transport in the context of the APP process. use of the 2-D hydraulic parameters results in

conservative estimates of solute migration. By using a "reduced" area for solute transport

(interaction) one would necessarily overestimate the potential migration of solutes. It is

recommended that numerical simulations of flow and transport be carried out with the 2-D hydraulic

parameter estimates.

Of paramount importance for the in-situ operation and for environmental protection, is the

distinction between porous media flow and that resulting from discrete features. So far, the available

field data indicate that flow at the Florence Site can safely be simulated with a porous media

approach such as that built within numerical flow models like MODFLOW.

Golder Associates will continue interpreting the available hydraulic test data to support potential

needs for the APP process and future mining needs. The next phase of aquifer test interpretation will

concentrate on data from observation wells using inverse procedures as briefly described above.

The three-dimensional model does not seem to fit the data sets any better than the two-dimensional

model. Again, for the sake of conservatism, and due to the large uncertainty in the interpretation of

these tests, it is recommended that the values obtained from the 2-D model be used for subsequent

numerical simulations.

Golder Associates

















































































































































































































































 

 

EXHIBIT B-3 
 

Documentation of Successful Hydraulic Control 
and USEPA Approval of Cessation of Hydraulic Control 

  































































 

 

EXHIBIT B-4 
 

Hydraulic Conductivity of Basin Fill and Bedrock Units 
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Florence Copper Mine Model Update 
Technical Memorandum 
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Figure 1: Model Domain, Property Boundary, and In-Situ Copper Recovery Area   
 
MODEL UPDATE THROUGH ADDITIONAL CALIBRATION  
 
Pumping Well Data for Additional Model Calibration 

 The pumping well data was requested from Arizona Department of Water Resources (ADWR) via 
public information request.  Pumping information was requested for all wells in the following 
townships for years 2010 to 2018 (T4S, R8E; T4S, R9E; T4S, R10E; T5S, R8E; T5S, R9E; and 
T5S, R10E).  

 At the time of the request, 2018 well data were not available, so they were assumed to be the 
same rate as the 2017 data. 

 For the San Carlos Irrigation Project wells, pumping was continued at 2010 levels since no new 
pumping data was available.  



Florence Copper Inc. 
12 June 2019  
Page 3 
 
 

 

 The pumping rates used in the extended model between 2011 and 2018 are provided in 
Appendix A. 

 
Water Level Data for Calibration Target Setup 

 Water level data were collected quarterly onsite, and less frequently in the ADWR data. 

 Offsite (ADWR) well data were downloaded from the ADWR website for the Eloy Basin, and data 
after 2011 were assessed.  

 Selected ADWR and onsite water level data were used to set up targets for additional model 
calibration.  The selected target locations cover various parts of the model domain and model 
layers.  

 The seasonal water level fluctuations due to transient pumping of the production wells could 
not be simulated by the model because the resolution of the pumping volume data is yearly.  
The upper bound values of the water level trend at each target location were used for 
calibration to reduce the bias toward temporal pumping influence on regional groundwater 
level trends.     

 The additional target locations and the calibration target data are provided in Appendix B.    
 
Recharge  

 The annual precipitation data reported near the site between 2000 and 2018 were evaluated.  
The results show a similar magnitude of precipitation between 2000 and 2010 (approximately 
7.7 – 7.9 inches per year) and between 2011 and 2018 (approximately 8.1 – 8.2 inches per year).   

 Recharge was a fitting parameter used in the calibration. 

 The initial recharge conditions for 2011 through 2018 were set the same as the conditions for 
2010 in the original model.  

 Recharge for each stress period between 2011 and 2018 was adjusted by multiplying by a 
constant for that stress period.  The spatial distribution and relative magnitude of recharge 
remained the same from the 2010 timestep. 

 
General Head Boundaries 

 The head values for the general head boundary conditions were a calibration parameter. 

 The conductance values remained unchanged.   

 There were three reaches of the general head boundary cells in the original model.  Heads were 
assumed to be constant across a reach, which were the northern, southern, and western 
boundaries of the model.  The head values for individual boundary reaches for each stress 
period were adjusted during the calibration process.   

 
Hydraulic Properties 
All hydraulic properties used in the original model were kept the same in the extended model.  
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Calibration Process  
The model calibration utilized both statistical measures of model residuals and direct comparisons of 
simulated and observed water levels to assess whether groundwater hydraulics and observed water 
level trends can be adequately simulated by the extended model.  Both the manual trial-and-error 
calibration and software-assisted calibration were used to improve the calibration results.  
 
Calibration Results  
Satisfactory calibration results were able to be attained by varying recharge and general head boundary 
cells at the magnitude consistent to the historical variation.  The final calibration statistics are shown in 
Table 1 below.  The calibration scatter plot is shown in Figure 2 below.  The statistics of the extended 
model is nearly identical to those of the original model.  The scatter plot shows that the extended model 
can reproduce the variation of the water level trends between 2011 and 2018.  The results also indicate 
that the hydraulic properties used in the original model is adequately calibrated because no change in 
hydraulic properties are needed to achieve satisfactory calibration.    
 
Table 1: Comparison of Calibration Statistics 

 
 

Model Version

Model 
Calibration 

Period 

Residual 
Mean (RM) 

(ft)

Absolute 
Residual 

Mean (ARM) 
(ft)

Residual 
Standard 
Deviation 
(RSD) (ft)

Simulated 
Range of 

Head Values 
(Range) (ft)

RM/Range 
(%)

ARM/Range 
(10%)

RSD/Range 
(%)

Original Model 1984 to 2010 -2.8 12.1 15.61 398 0.71% 3.0% 3.9%
Extended Model 1984 to 2018 -2.8 12.0 15.47 398 0.7% 3.0% 3.9%
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Figure 2: Calibration Scatter Plot 
 
PREDICTIVE TRANSPORT MODEL SETUP   
 
The calibrated extended model was used to perform predictive transport evaluation.  The purpose of 
the predictive transport evaluation is to delineate the potential discharge impacts resulting from the 
site-wide ISCR operation.  The transport model setup for the predictive evaluation is summarized below.  
 
Hydraulic Properties  
The hydraulic property values are the same as those used in the calibrated extended model except that 
the hydraulic conductivity values for the faults in the model was increased to 6 feet per day, which is at 
least 10 times higher than the representative hydraulic conductivity values used for the oxide bedrock 
layers (Model Layers 7-10) for the extended model.        
 
Porosity  
The following porosity values are used: A porosity value of 0.12 was assigned to Model Layers 1 through 
5 (basin fill); a porosity value of 0.08 was assigned to Model Layers 6 through 10 (oxide layers); and a 
porosity value of 0.2 was assigned to the faults.      
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Recharge 
The recharge pattern for the transport model was set to be the same as the pattern for the last stress 
period in the original model except that the magnitude of the recharge was reduced by 16 percent, 
which is the average recharge decrease between 2011 and 2018 in the calibrated extended model in 
comparison to the 2010 recharge in the original model.    
 
General Head Boundaries 
The head value for each general head boundary cell in the transport model were set to be the average 
value of the head values for the last stress period (2018) in the calibrated extended model.  
 
Pumping Wells  
The pumping conditions used to simulate Year 2018 in the calibrated extended model were used in the 
transport model except that the pumping wells within the ISCR area were removed.    
 
Initial Heads  
The head distribution of the last time step of the calibrated extended model was used as the initial head 
distribution for the transport simulation.    
 
Initial Concentrations 
A conservative solute in Model Layers 7 through 10 at a concentration of 750 milligrams per liter (mg/L) 
in the ISCR area (Figure 1) was set as initial conditions.   
 
Simulation Time 
The simulation period for the transport model is 30 years.  
 
Other Transport Parameters and Solver Settings    
All other transport parameters and solver settings were kept the same as those used for previous 
discharge impact assessments using the original model.     
 
PREDICTIVE TRANSPORT MODELING RESULTS  
 
The simulated extent of migration after the 30-year transport modeling is shown in Figure 3.  The extent 
of migration is defined by the maximum extent of the 2 mg/L concentration contours for all the layers.  
The faults, which were assigned a hydraulic conductivity ten times higher than the surrounding bedrock, 
appear to slightly enhance migration northward.  The maximum distance of the 2 mg/L contour away 
from the ISCR area boundary is approximately 2,000 feet.  The model results indicate that relatively low 
concentrations of sulfate migrate vertically into Model Layers 6, 5, and 4 (in that order) by dispersion.  
Very low concentrations of sulfate migrate into Model Layer 4, the upper portion of the Lower Basin Fill 
Unit (LBFU), but stayed generally within the ISCR area during the 30-year simulation.  The greatest 
horizontal transport occurred in Model Layer 5, the lowest portion of the LBFU.  Most of the solute mass 
remains in the oxide zone within the ISCR footprint after 30-year transport.          
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Figure 3: The Simulated Discharge Impact Area 30 Years After Closure     
 
 
 
Attachments: 
 Appendix A — 2011 — 2018 Targets 
 Appendix B — 2011 — 2018 Pumping Well Rates 
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APPENDIX A

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y Target Layer Sublayer Row Column Weight Group Type Time
P49‐O 647611.87 744202.71 1275.8 8 1 293 147 1 1 Head 9545
P49‐O 647611.87 744202.71 1273.8 8 1 293 147 1 1 Head 9887
P49‐O 647611.87 744202.71 1268.3 8 1 293 147 1 1 Head 10188
P49‐O 647611.87 744202.71 1268.6 8 1 293 147 1 1 Head 10200
P49‐O 647611.87 744202.71 1268.0 8 1 293 147 1 1 Head 10230
P49‐O 647611.87 744202.71 1267.6 8 1 293 147 1 1 Head 10239
P49‐O 647611.87 744202.71 1267.3 8 1 293 147 1 1 Head 10270
P49‐O 647611.87 744202.71 1260.9 8 1 293 147 1 1 Head 10629
P49‐O 647611.87 744202.71 1254.3 8 1 293 147 1 1 Head 10992
P49‐O 647611.87 744202.71 1254.1 8 1 293 147 1 1 Head 11355
P49‐O 647611.87 744202.71 1250.2 8 1 293 147 1 1 Head 11635
P49‐O 647611.87 744202.71 1254.4 8 1 293 147 1 1 Head 11736
P49‐O 647611.87 744202.71 1254.3 8 1 293 147 1 1 Head 12087
P49‐O 647611.87 744202.71 1252.5 8 1 293 147 1 1 Head 12471
P49‐O 647611.87 744202.71 1249.1 8 1 293 147 1 1 Head 12790
M22‐O 646962.22 746467.66 1265.7 7 1 200 102 1 1 Head 10188
M22‐O 646962.22 746467.66 1265.7 7 1 200 102 1 1 Head 10193
M22‐O 646962.22 746467.66 1260.8 7 1 200 102 1 1 Head 10631
M22‐O 646962.22 746467.66 1255.6 7 1 200 102 1 1 Head 10991
M22‐O 646962.22 746467.66 1251.5 7 1 200 102 1 1 Head 11355
M22‐O 646962.22 746467.66 1245.4 7 1 200 102 1 1 Head 11533
M22‐O 646962.22 746467.66 1254.2 7 1 200 102 1 1 Head 11734
M22‐O 646962.22 746467.66 1253.1 7 1 200 102 1 1 Head 12084
M22‐O 646962.22 746467.66 1256.3 7 1 200 102 1 1 Head 12483
M22‐O 646962.22 746467.66 1249.7 7 1 200 102 1 1 Head 12714
M22‐O 646962.22 746467.66 1249.8 7 1 200 102 1 1 Head 12799
M4‐O 651635.22 743717.36 1282.3 7 1 303 430 1 1 Head 9888
M4‐O 651635.22 743717.36 1273.2 7 1 303 430 1 1 Head 10188
M4‐O 651635.22 743717.36 1268.1 7 1 303 430 1 1 Head 10631
M4‐O 651635.22 743717.36 1261.3 7 1 303 430 1 1 Head 10991
M4‐O 651635.22 743717.36 1264.6 7 1 303 430 1 1 Head 11362
M4‐O 651635.22 743717.36 1262.6 7 1 303 430 1 1 Head 11741
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y Target Layer Sublayer Row Column Weight Group Type Time
M4‐O 651635.22 743717.36 1261.6 7 1 303 430 1 1 Head 12091
M4‐O 651635.22 743717.36 1258.0 7 1 303 430 1 1 Head 12482
M4‐O 651635.22 743717.36 1255.7 7 1 303 430 1 1 Head 12790
M20‐O 648921.15 747382.65 1271.4 7 1 136 252 1 1 Head 9887
M20‐O 648921.15 747382.65 1267.7 7 1 136 252 1 1 Head 10241
M20‐O 648921.15 747382.65 1261.9 7 1 136 252 1 1 Head 10631
M20‐O 648921.15 747382.65 1256.4 7 1 136 252 1 1 Head 10988
M20‐O 648921.15 747382.65 1252.7 7 1 136 252 1 1 Head 11635
M20‐O 648921.15 747382.65 1249.2 7 1 136 252 1 1 Head 12000
M17‐GL 647017.02 744976.8 1267.3 5 1 278 103 1 1 Head 9889
M17‐GL 647017.02 744976.8 1267.7 5 1 278 103 1 1 Head 10188
M17‐GL 647017.02 744976.8 1263.3 5 1 278 103 1 1 Head 10631
M17‐GL 647017.02 744976.8 1254.7 5 1 278 103 1 1 Head 10995
M17‐GL 647017.02 744976.8 1257.7 5 1 278 103 1 1 Head 11362
M17‐GL 647017.02 744976.8 1256.6 5 1 278 103 1 1 Head 11740
M17‐GL 647017.02 744976.8 1256.3 5 1 278 103 1 1 Head 12090
M17‐GL 647017.02 744976.8 1254.2 5 1 278 103 1 1 Head 12470
M17‐GL 647017.02 744976.8 1251.5 5 1 278 103 1 1 Head 12797
M28‐LBF 647751.71 747746.97 1270.0 5 1 129 159 1 1 Head 9887
M28‐LBF 647751.71 747746.97 1266.5 5 1 129 159 1 1 Head 10241
M28‐LBF 647751.71 747746.97 1260.0 5 1 129 159 1 1 Head 10631
M28‐LBF 647751.71 747746.97 1255.9 5 1 129 159 1 1 Head 10988
M28‐LBF 647751.71 747746.97 1254.4 5 1 129 159 1 1 Head 11356
M28‐LBF 647751.71 747746.97 1255.3 5 1 129 159 1 1 Head 11734
M28‐LBF 647751.71 747746.97 1252.5 5 1 129 159 1 1 Head 12087
M28‐LBF 647751.71 747746.97 1250.0 5 1 129 159 1 1 Head 12454
M28‐LBF 647751.71 747746.97 1249.6 5 1 129 159 1 1 Head 12792
M31‐LBF 649976.91 747333.4 1272.1 4 1 137 337 1 1 Head 9887
M31‐LBF 649976.91 747333.4 1268.4 4 1 137 337 1 1 Head 10241
M31‐LBF 649976.91 747333.4 1261.7 4 1 137 337 1 1 Head 10642
M31‐LBF 649976.91 747333.4 1257.8 4 1 137 337 1 1 Head 10988
M31‐LBF 649976.91 747333.4 1255.9 4 1 137 337 1 1 Head 11362

JUNE 2019



FLORENCE COPPER INC.
APPENDIX A

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y Target Layer Sublayer Row Column Weight Group Type Time
M31‐LBF 649976.91 747333.4 1257.1 4 1 137 337 1 1 Head 11735
M31‐LBF 649976.91 747333.4 1253.8 4 1 137 337 1 1 Head 12084
M31‐LBF 649976.91 747333.4 1251.9 4 1 137 337 1 1 Head 12463
M31‐LBF 649976.91 747333.4 1251.3 4 1 137 337 1 1 Head 12791
M3‐GL 651636.79 743685.56 1282.0 4 1 304 430 1 1 Head 9888
M3‐GL 651636.79 743685.56 1273.0 4 1 304 430 1 1 Head 10194
M3‐GL 651636.79 743685.56 1268.0 4 1 304 430 1 1 Head 10631
M3‐GL 651636.79 743685.56 1261.2 4 1 304 430 1 1 Head 10991
M3‐GL 651636.79 743685.56 1264.7 4 1 304 430 1 1 Head 11362
M3‐GL 651636.79 743685.56 1262.5 4 1 304 430 1 1 Head 11741
M3‐GL 651636.79 743685.56 1261.4 4 1 304 430 1 1 Head 12091
M3‐GL 651636.79 743685.56 1257.7 4 1 304 430 1 1 Head 12482
M3‐GL 651636.79 743685.56 1255.4 4 1 304 430 1 1 Head 12790

330257111271901 641132.3 745826 1256.5 5 1 251 37 1 3 Head 12763
330457111271901 641113.3 757852.1 1253.7 5 1 28 37 1 3 Head 12763
325848111251101 652401.4 720875.3 1266.4 5 1 384 446 1 3 Head 10930
325848111251101 652401.4 720875.3 1263.7 5 1 384 446 1 3 Head 11273
325848111251101 652401.4 720875.3 1263.0 5 1 384 446 1 3 Head 11636
325848111251101 652401.4 720875.3 1261.6 5 1 384 446 1 3 Head 12000
325848111251101 652401.4 720875.3 1267.7 5 1 384 446 1 3 Head 12366
325940111241001 657064 725516.3 1280.9 5 1 374 483 1 3 Head 9818
325940111241001 657064 725516.3 1282.7 5 1 374 483 1 3 Head 10173
325940111241001 657064 725516.3 1284.5 5 1 374 483 1 3 Head 10544
325940111241001 657064 725516.3 1280.3 5 1 374 483 1 3 Head 10929
325940111241001 657064 725516.3 1283.9 5 1 374 483 1 3 Head 11273
325940111241001 657064 725516.3 1285.2 5 1 374 483 1 3 Head 11636
325940111241001 657064 725516.3 1281.6 5 1 374 483 1 3 Head 12000
325940111241001 657064 725516.3 1248.3 5 1 374 483 1 3 Head 12365
325940111241001 657064 725516.3 1244.8 5 1 374 483 1 3 Head 12736
325944111275001 638415.7 726400.7 1283.0 5 1 373 32 1 3 Head 9818
325944111275001 638415.7 726400.7 1285.6 5 1 373 32 1 3 Head 10173
325944111275001 638415.7 726400.7 1277.9 5 1 373 32 1 3 Head 10544
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y Target Layer Sublayer Row Column Weight Group Type Time
325944111275001 638415.7 726400.7 1264.5 5 1 373 32 1 3 Head 10930
325944111275001 638415.7 726400.7 1262.9 5 1 373 32 1 3 Head 11273
325944111275001 638415.7 726400.7 1261.5 5 1 373 32 1 3 Head 11636
325944111275001 638415.7 726400.7 1260.3 5 1 373 32 1 3 Head 12000
325944111275001 638415.7 726400.7 1253.9 5 1 373 32 1 3 Head 12365
325944111275001 638415.7 726400.7 1247.5 5 1 373 32 1 3 Head 12735
330515111245601 653220.5 759767.2 1249.4 5 1 24 462 1 3 Head 9837
330515111245601 653220.5 759767.2 1249.0 5 1 24 462 1 3 Head 10252
330515111245601 653220.5 759767.2 1248.3 5 1 24 462 1 3 Head 10546
330515111245601 653220.5 759767.2 1247.8 5 1 24 462 1 3 Head 10945
330515111245601 653220.5 759767.2 1245.6 5 1 24 462 1 3 Head 11278
330515111245601 653220.5 759767.2 1244.8 5 1 24 462 1 3 Head 11639
330515111245601 653220.5 759767.2 1244.0 5 1 24 462 1 3 Head 12001
330515111245601 653220.5 759767.2 1243.5 5 1 24 462 1 3 Head 12357
330515111245601 653220.5 759767.2 1243.9 5 1 24 462 1 3 Head 12724
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FLORENCE COPPER INC.
APPENDIX B

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 29 29
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 30 30
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 31 31
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 32 32
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 33 33
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 34 34
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 35 35
SCIP_1 680116.25 749620.72 ‐17901 5 4 91 529 36 36
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 29 29
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 30 30
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 31 31
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 32 32
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 33 33
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 34 34
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 35 35
SCIP_2 677529.93 746957.19 ‐63490 5 4 161 524 36 36
SCIP_10 650572.02 746861.8 0 2 2 169 384 29 29
SCIP_10 650572.02 746861.8 0 2 2 169 384 30 30
SCIP_10 650572.02 746861.8 0 2 2 169 384 31 31
SCIP_10 650572.02 746861.8 0 2 2 169 384 32 32
SCIP_10 650572.02 746861.8 0 2 2 169 384 33 33
SCIP_10 650572.02 746861.8 0 2 2 169 384 34 34
SCIP_10 650572.02 746861.8 0 2 2 169 384 35 35
SCIP_10 650572.02 746861.8 0 2 2 169 384 36 36
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 29 29
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 30 30
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 31 31
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 32 32
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 33 33
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 34 34
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 35 35
SCIP_11 641392.77 745512.58 ‐22556 5 4 267 38 36 36
SCIP_9 647291.82 745527.32 ‐80000 2 2 267 122 29 29
SCIP_9 647291.82 745527.32 ‐80000 2 2 267 122 30 30
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 31 31
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 32 32
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 33 33
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 34 34
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 35 35
SCIP_9 647291.82 745527.32 ‐100000 2 2 267 122 36 36

SCIP_10b 648603.29 745530.27 ‐80000 2 2 267 227 29 29
SCIP_10b 648603.29 745530.27 ‐80000 2 2 267 227 30 30
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 31 31
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 32 32
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 33 33
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 34 34
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 35 35
SCIP_10b 648603.29 745530.27 ‐100000 2 2 267 227 36 36
SCIP_8 657172.36 745527.88 0 5 4 267 483 29 29
SCIP_8 657172.36 745527.88 0 5 4 267 483 30 30
SCIP_8 657172.36 745527.88 0 5 4 267 483 31 31
SCIP_8 657172.36 745527.88 0 5 4 267 483 32 32
SCIP_8 657172.36 745527.88 0 5 4 267 483 33 33
SCIP_8 657172.36 745527.88 0 5 4 267 483 34 34
SCIP_8 657172.36 745527.88 0 5 4 267 483 35 35
SCIP_8 657172.36 745527.88 0 5 4 267 483 36 36
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 29 29
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 30 30
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 31 31
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 32 32

JUNE 2019



FLORENCE COPPER INC.
APPENDIX B

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 33 33
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 34 34
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 35 35
SCIP_3b 674940.18 744315.59 ‐64922 5 4 291 519 36 36
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 29 29
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 30 30
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 31 31
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 32 32
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 33 33
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 34 34
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 35 35
SCIP_5 670324.55 744278.24 ‐43321 5 4 292 510 36 36
SCIP_3 674611.95 743986.57 0 2 2 298 518 29 29
SCIP_3 674611.95 743986.57 0 2 2 298 518 30 30
SCIP_3 674611.95 743986.57 0 2 2 298 518 31 31
SCIP_3 674611.95 743986.57 0 2 2 298 518 32 32
SCIP_3 674611.95 743986.57 0 2 2 298 518 33 33
SCIP_3 674611.95 743986.57 0 2 2 298 518 34 34
SCIP_3 674611.95 743986.57 0 2 2 298 518 35 35
SCIP_3 674611.95 743986.57 0 2 2 298 518 36 36
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 29 29
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 30 30
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 31 31
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 32 32
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 33 33
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 34 34
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 35 35
SCIP_4b 670024.43 741965.49 ‐76499 2 2 333 509 36 36
SCIP_4 672334.11 741662.8 0 2 2 336 514 29 29
SCIP_4 672334.11 741662.8 0 2 2 336 514 30 30
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_4 672334.11 741662.8 0 2 2 336 514 31 31
SCIP_4 672334.11 741662.8 0 2 2 336 514 32 32
SCIP_4 672334.11 741662.8 0 2 2 336 514 33 33
SCIP_4 672334.11 741662.8 0 2 2 336 514 34 34
SCIP_4 672334.11 741662.8 0 2 2 336 514 35 35
SCIP_4 672334.11 741662.8 0 2 2 336 514 36 36
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 29 29
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 30 30
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 31 31
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 32 32
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 33 33
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 34 34
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 35 35
SCIP_13 630300.43 738870.43 ‐477 5 4 348 16 36 36
SCIP_110 662524.58 733014.79 0 2 2 359 494 29 29
SCIP_110 662524.58 733014.79 0 2 2 359 494 30 30
SCIP_110 662524.58 733014.79 0 2 2 359 494 31 31
SCIP_110 662524.58 733014.79 0 2 2 359 494 32 32
SCIP_110 662524.58 733014.79 0 2 2 359 494 33 33
SCIP_110 662524.58 733014.79 0 2 2 359 494 34 34
SCIP_110 662524.58 733014.79 0 2 2 359 494 35 35
SCIP_110 662524.58 733014.79 0 2 2 359 494 36 36
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 29 29
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 30 30
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 31 31
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 32 32
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 33 33
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 34 34
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 35 35
SCIP_110a 662524.6 733015.64 ‐53823 2 2 359 494 36 36
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 29 29
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 30 30
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 31 31
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 32 32
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 33 33
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 34 34
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 35 35
SCIP_110b 662527.8 732351.78 ‐74350 2 2 361 494 36 36
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 29 29
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 30 30
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 31 31
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 32 32
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 33 33
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 34 34
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 35 35
SCIP_80 658731.77 729151.31 ‐63490 2 2 367 486 36 36
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 29 29
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 30 30
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 31 31
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 32 32
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 33 33
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 34 34
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 35 35
SCIP_89 657431.12 725874.8 ‐38070 2 2 374 484 36 36
SCIP_21 627708.03 725465.05 0 2 2 375 10 29 29
SCIP_21 627708.03 725465.05 0 2 2 375 10 30 30
SCIP_21 627708.03 725465.05 0 2 2 375 10 31 31
SCIP_21 627708.03 725465.05 0 2 2 375 10 32 32
SCIP_21 627708.03 725465.05 0 2 2 375 10 33 33
SCIP_21 627708.03 725465.05 0 2 2 375 10 34 34
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APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_21 627708.03 725465.05 0 2 2 375 10 35 35
SCIP_21 627708.03 725465.05 0 2 2 375 10 36 36
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 29 29
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 30 30
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 31 31
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 32 32
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 33 33
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 34 34
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 35 35
SCIP_79 654805.24 725220.46 ‐127219 2 2 375 476 36 36
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 29 29
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 30 30
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 31 31
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 32 32
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 33 33
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 34 34
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 35 35
SCIP_21b 627060.5 724798.58 ‐85807 2 2 376 9 36 36
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 29 29
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 30 30
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 31 31
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 32 32
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 33 33
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 34 34
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 35 35
SCIP_20 633775.21 724533.23 ‐31268 2 2 376 23 36 36
SCIP_20b 633775.21 724533.23 0 2 2 376 23 29 29
SCIP_20b 633775.21 724533.23 0 2 2 376 23 30 30
SCIP_20b 633775.21 724533.23 0 2 2 376 23 31 31
SCIP_20b 633775.21 724533.23 0 2 2 376 23 32 32
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Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_20b 633775.21 724533.23 0 2 2 376 23 33 33
SCIP_20b 633775.21 724533.23 0 2 2 376 23 34 34
SCIP_20b 633775.21 724533.23 0 2 2 376 23 35 35
SCIP_20b 633775.21 724533.23 0 2 2 376 23 36 36
SCIP_22 625100.85 724106.64 0 3 3 377 5 29 29
SCIP_22 625100.85 724106.64 0 3 3 377 5 30 30
SCIP_22 625100.85 724106.64 0 3 3 377 5 31 31
SCIP_22 625100.85 724106.64 0 3 3 377 5 32 32
SCIP_22 625100.85 724106.64 0 3 3 377 5 33 33
SCIP_22 625100.85 724106.64 0 3 3 377 5 34 34
SCIP_22 625100.85 724106.64 0 3 3 377 5 35 35
SCIP_22 625100.85 724106.64 0 3 3 377 5 36 36
SCIP_16 628997.95 724173.4 0 2 2 377 13 29 29
SCIP_16 628997.95 724173.4 0 2 2 377 13 30 30
SCIP_16 628997.95 724173.4 0 2 2 377 13 31 31
SCIP_16 628997.95 724173.4 0 2 2 377 13 32 32
SCIP_16 628997.95 724173.4 0 2 2 377 13 33 33
SCIP_16 628997.95 724173.4 0 2 2 377 13 34 34
SCIP_16 628997.95 724173.4 0 2 2 377 13 35 35
SCIP_16 628997.95 724173.4 0 2 2 377 13 36 36
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 29 29
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 30 30
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 31 31
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 32 32
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 33 33
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 34 34
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 35 35
SCIP_111 640308.04 723260.4 ‐60984 2 2 379 36 36 36
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 29 29
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 30 30
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Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 31 31
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 32 32
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 33 33
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 34 34
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 35 35
SCIP_74b 650227.89 720570.42 ‐87955 2 2 384 357 36 36
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 29 29
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 30 30
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 31 31
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 32 32
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 33 33
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 34 34
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 35 35
SCIP_112 652193.09 720546.18 ‐75186 2 2 384 441 36 36
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 29 29
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 30 30
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 31 31
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 32 32
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 33 33
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 34 34
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 35 35
SCIP_23b 626084.6 720484.24 ‐15156 2 2 385 7 36 36
SCIP_23 626406.99 720160.15 0 2 2 385 8 29 29
SCIP_23 626406.99 720160.15 0 2 2 385 8 30 30
SCIP_23 626406.99 720160.15 0 2 2 385 8 31 31
SCIP_23 626406.99 720160.15 0 2 2 385 8 32 32
SCIP_23 626406.99 720160.15 0 2 2 385 8 33 33
SCIP_23 626406.99 720160.15 0 2 2 385 8 34 34
SCIP_23 626406.99 720160.15 0 2 2 385 8 35 35
SCIP_23 626406.99 720160.15 0 2 2 385 8 36 36
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SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 29 29
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 30 30
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 31 31
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 32 32
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 33 33
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 34 34
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 35 35
SCIP_122b 663206 720079.15 ‐169824 3 3 385 495 36 36
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 29 29
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 30 30
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 31 31
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 32 32
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 33 33
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 34 34
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 35 35
SCIP_19 633150.04 719934.44 ‐56210 2 2 386 21 36 36
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 29 29
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 30 30
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 31 31
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 32 32
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 33 33
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 34 34
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 35 35
SCIP_25 646324.65 719953.83 ‐19811 2 2 386 89 36 36
SCIP_26 631580.34 717602.72 0 3 3 390 18 29 29
SCIP_26 631580.34 717602.72 0 3 3 390 18 30 30
SCIP_26 631580.34 717602.72 0 3 3 390 18 31 31
SCIP_26 631580.34 717602.72 0 3 3 390 18 32 32
SCIP_26 631580.34 717602.72 0 3 3 390 18 33 33
SCIP_26 631580.34 717602.72 0 3 3 390 18 34 34
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SCIP_26 631580.34 717602.72 0 3 3 390 18 35 35
SCIP_26 631580.34 717602.72 0 3 3 390 18 36 36
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 29 29
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 30 30
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 31 31
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 32 32
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 33 33
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 34 34
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 35 35
SCIP_24b 628672.71 717220.34 ‐60 2 2 391 12 36 36
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 29 29
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 30 30
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 31 31
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 32 32
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 33 33
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 34 34
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 35 35
SCIP_26b 631266.06 717267.57 ‐23868 2 2 391 18 36 36
201420 625188.02 734891.42 ‐6202 5 4 356 5 29 29
201420 625188.02 734891.42 ‐4890 5 4 356 5 30 30
201420 625188.02 734891.42 ‐5605 5 4 356 5 31 31
201420 625188.02 734891.42 ‐10042 5 4 356 5 32 32
201420 625188.02 734891.42 ‐8360 5 4 356 5 33 33
201420 625188.02 734891.42 ‐9791 5 4 356 5 34 34
201420 625188.02 734891.42 ‐8871 5 4 356 5 35 35
201420 625188.02 734891.42 ‐8871 5 4 356 5 36 36
211602 638045.77 754766.74 ‐33906 5 4 34 31 29 29
211602 638045.77 754766.74 ‐32463 5 4 34 31 30 30
211602 638045.77 754766.74 ‐43649 5 4 34 31 31 31
211602 638045.77 754766.74 ‐48587 5 4 34 31 32 32
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211602 638045.77 754766.74 ‐43148 5 4 34 31 33 33
211602 638045.77 754766.74 ‐59702 5 4 34 31 34 34
211602 638045.77 754766.74 ‐76112 5 4 34 31 35 35
211602 638045.77 754766.74 ‐76112 5 4 34 31 36 36
212514 636775.28 748828.65 ‐26142 5 4 107 29 29 29
212514 636775.28 748828.65 ‐34788 5 4 107 29 30 30
212514 636775.28 748828.65 ‐34848 5 4 107 29 31 31
212514 636775.28 748828.65 ‐27859 5 4 107 29 32 32
212514 636775.28 748828.65 ‐26082 5 4 107 29 33 33
212514 636775.28 748828.65 ‐41502 5 4 107 29 34 34
212514 636775.28 748828.65 ‐19964 5 4 107 29 35 35
212514 636775.28 748828.65 ‐19964 5 4 107 29 36 36
523132 668906.1 736982.44 ‐47465 5 4 352 507 29 29
523132 668906.1 736982.44 ‐60226 5 4 352 507 30 30
523132 668906.1 736982.44 ‐48825 5 4 352 507 31 31
523132 668906.1 736982.44 ‐41883 5 4 352 507 32 32
523132 668906.1 736982.44 ‐45864 5 4 352 507 33 33
523132 668906.1 736982.44 ‐58405 5 4 352 507 34 34
523132 668906.1 736982.44 ‐45200 5 4 352 507 35 35
523132 668906.1 736982.44 ‐45200 5 4 352 507 36 36
523133 665756.82 736997.65 ‐40906 5 4 352 501 29 29
523133 665756.82 736997.65 ‐55694 5 4 352 501 30 30
523133 665756.82 736997.65 ‐42528 5 4 352 501 31 31
523133 665756.82 736997.65 ‐40279 5 4 352 501 32 32
523133 665756.82 736997.65 ‐39307 5 4 352 501 33 33
523133 665756.82 736997.65 ‐27301 5 4 352 501 34 34
523133 665756.82 736997.65 ‐40071 5 4 352 501 35 35
523133 665756.82 736997.65 ‐40071 5 4 352 501 36 36

676953.01 676953.01 740380.47 ‐97072 5 4 343 523 29 29
676953.01 676953.01 740380.47 ‐78616 5 4 343 523 30 30
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676953.01 676953.01 740380.47 ‐89276 5 4 343 523 31 31
676953.01 676953.01 740380.47 ‐99821 5 4 343 523 32 32
676953.01 676953.01 740380.47 ‐96481 5 4 343 523 33 33
676953.01 676953.01 740380.47 ‐103518 5 4 343 523 34 34
676953.01 676953.01 740380.47 ‐118067 5 4 343 523 35 35
676953.01 676953.01 740380.47 ‐118067 5 4 343 523 36 36
562121 649259.53 744868.1 0 8 4 280 279 29 29
562121 649259.53 744868.1 ‐1 8 4 280 279 30 30
562121 649259.53 744868.1 0 8 4 280 279 31 31
562121 649259.53 744868.1 0 8 4 280 279 32 32
562121 649259.53 744868.1 0 8 4 280 279 33 33
562121 649259.53 744868.1 0 8 4 280 279 34 34
562121 649259.53 744868.1 0 8 4 280 279 35 35
562121 649259.53 744868.1 0 8 4 280 279 36 36
569177 632238.71 744788.52 ‐21956 5 4 282 19 29 29
569177 632238.71 744788.52 ‐15456 5 4 282 19 30 30
569177 632238.71 744788.52 ‐7096 5 4 282 19 31 31
569177 632238.71 744788.52 ‐14311 5 4 282 19 32 32
569177 632238.71 744788.52 ‐31270 5 4 282 19 33 33
569177 632238.71 744788.52 ‐3113 5 4 282 19 34 34
569177 632238.71 744788.52 ‐17984 5 4 282 19 35 35
569177 632238.71 744788.52 ‐17984 5 4 282 19 36 36
571198 640650.65 760709.93 ‐18163 5 4 22 36 29 29
571198 640650.65 760709.93 ‐19034 5 4 22 36 30 30
571198 640650.65 760709.93 ‐28459 5 4 22 36 31 31
571198 640650.65 760709.93 ‐25164 5 4 22 36 32 32
571198 640650.65 760709.93 ‐33703 5 4 22 36 33 33
571198 640650.65 760709.93 ‐33834 5 4 22 36 34 34
571198 640650.65 760709.93 ‐27239 5 4 22 36 35 35
571198 640650.65 760709.93 ‐27239 5 4 22 36 36 36
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574011 638809.67 738912.28 0 3 3 348 33 29 29
574011 638809.67 738912.28 0 3 3 348 33 30 30
574011 638809.67 738912.28 0 3 3 348 33 31 31
574011 638809.67 738912.28 0 3 3 348 33 32 32
574011 638809.67 738912.28 0 3 3 348 33 33 33
574011 638809.67 738912.28 ‐7517 3 3 348 33 34 34
574011 638809.67 738912.28 0 3 3 348 33 35 35
574011 638809.67 738912.28 0 3 3 348 33 36 36
583151 632228.61 746773.93 ‐17639 5 4 176 19 29 29
583151 632228.61 746773.93 ‐28181 5 4 176 19 30 30
583151 632228.61 746773.93 ‐29076 5 4 176 19 31 31
583151 632228.61 746773.93 ‐43768 5 4 176 19 32 32
583151 632228.61 746773.93 ‐24961 5 4 176 19 33 33
583151 632228.61 746773.93 ‐26690 5 4 176 19 34 34
583151 632228.61 746773.93 ‐24544 5 4 176 19 35 35
583151 632228.61 746773.93 ‐24544 5 4 176 19 36 36
594058 630286.89 739523.86 ‐11383 5 4 346 16 29 29
594058 630286.89 739523.86 ‐3123 5 4 346 16 30 30
594058 630286.89 739523.86 ‐4252 5 4 346 16 31 31
594058 630286.89 739523.86 ‐5349 5 4 346 16 32 32
594058 630286.89 739523.86 ‐11385 5 4 346 16 33 33
594058 630286.89 739523.86 ‐11807 5 4 346 16 34 34
594058 630286.89 739523.86 ‐12642 5 4 346 16 35 35
594058 630286.89 739523.86 ‐12642 5 4 346 16 36 36
600577 638118.09 744186.73 ‐54158 5 4 294 31 29 29
600577 638118.09 744186.73 ‐57959 5 4 294 31 30 30
600577 638118.09 744186.73 ‐65569 5 4 294 31 31 31
600577 638118.09 744186.73 ‐68196 5 4 294 31 32 32
600577 638118.09 744186.73 ‐43687 5 4 294 31 33 33
600577 638118.09 744186.73 ‐56040 5 4 294 31 34 34

JUNE 2019



FLORENCE COPPER INC.
APPENDIX B

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

600577 638118.09 744186.73 ‐56776 5 4 294 31 35 35
600577 638118.09 744186.73 ‐56776 5 4 294 31 36 36
600579 636805.93 744188.41 ‐72152 5 4 294 29 29 29
600579 636805.93 744188.41 ‐80250 5 4 294 29 30 30
600579 636805.93 744188.41 ‐79365 5 4 294 29 31 31
600579 636805.93 744188.41 ‐73693 5 4 294 29 32 32
600579 636805.93 744188.41 ‐39178 5 4 294 29 33 33
600579 636805.93 744188.41 ‐74417 5 4 294 29 34 34
600579 636805.93 744188.41 ‐72004 5 4 294 29 35 35
600579 636805.93 744188.41 ‐72004 5 4 294 29 36 36
601789 638288.88 726518.81 ‐39981 5 4 372 32 29 29
601789 638288.88 726518.81 ‐92427 5 4 372 32 30 30
601789 638288.88 726518.81 ‐35897 5 4 372 32 31 31
601789 638288.88 726518.81 ‐33512 5 4 372 32 32 32
601789 638288.88 726518.81 ‐39475 5 4 372 32 33 33
601789 638288.88 726518.81 ‐61799 5 4 372 32 34 34
601789 638288.88 726518.81 ‐19715 5 4 372 32 35 35
601789 638288.88 726518.81 ‐19715 5 4 372 32 36 36
601790 638287.42 727175.16 ‐79630 5 4 371 32 29 29
601790 638287.42 727175.16 ‐74538 5 4 371 32 30 30
601790 638287.42 727175.16 ‐77042 5 4 371 32 31 31
601790 638287.42 727175.16 ‐76446 5 4 371 32 32 32
601790 638287.42 727175.16 ‐95289 5 4 371 32 33 33
601790 638287.42 727175.16 ‐74753 5 4 371 32 34 34
601790 638287.42 727175.16 ‐52727 5 4 371 32 35 35
601790 638287.42 727175.16 ‐52727 5 4 371 32 36 36
601791 631914.69 727145.89 ‐25822 3 3 371 19 29 29
601791 631914.69 727145.89 0 3 3 371 19 30 30
601791 631914.69 727145.89 ‐25760 3 3 371 19 31 31
601791 631914.69 727145.89 ‐32081 3 3 371 19 32 32
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601791 631914.69 727145.89 ‐24329 3 3 371 19 33 33
601791 631914.69 727145.89 0 3 3 371 19 34 34
601791 631914.69 727145.89 ‐15516 3 3 371 19 35 35
601791 631914.69 727145.89 ‐15516 3 3 371 19 36 36
601792 638288.88 726518.81 ‐66713 3 3 372 32 29 29
601792 638288.88 726518.81 ‐56768 3 3 372 32 30 30
601792 638288.88 726518.81 ‐48897 3 3 372 32 31 31
601792 638288.88 726518.81 ‐53071 3 3 372 32 32 32
601792 638288.88 726518.81 ‐79189 3 3 372 32 33 33
601792 638288.88 726518.81 ‐82198 3 3 372 32 34 34
601792 638288.88 726518.81 ‐39012 3 3 372 32 35 35
601792 638288.88 726518.81 ‐39012 3 3 372 32 36 36
603850 655910.37 736314.49 ‐67380 5 4 353 480 29 29
603850 655910.37 736314.49 ‐98747 5 4 353 480 30 30
603850 655910.37 736314.49 ‐70125 5 4 353 480 31 31
603850 655910.37 736314.49 ‐64639 5 4 353 480 32 32
603850 655910.37 736314.49 ‐94096 5 4 353 480 33 33
603850 655910.37 736314.49 ‐55456 5 4 353 480 34 34
603850 655910.37 736314.49 ‐59511 5 4 353 480 35 35
603850 655910.37 736314.49 ‐59511 5 4 353 480 36 36
603851 651318.54 733632.55 ‐7443 5 4 358 424 29 29
603851 651318.54 733632.55 ‐52713 5 4 358 424 30 30
603851 651318.54 733632.55 ‐13834 5 4 358 424 31 31
603851 651318.54 733632.55 ‐12642 5 4 358 424 32 32
603851 651318.54 733632.55 ‐21109 5 4 358 424 33 33
603851 651318.54 733632.55 ‐13238 5 4 358 424 34 34
603851 651318.54 733632.55 ‐7752 5 4 358 424 35 35
603851 651318.54 733632.55 ‐7752 5 4 358 424 36 36
604492 638170.12 738260.18 ‐49505 5 4 349 31 29 29
604492 638170.12 738260.18 ‐68715 5 4 349 31 30 30
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604492 638170.12 738260.18 ‐52545 5 4 349 31 31 31
604492 638170.12 738260.18 ‐53291 5 4 349 31 32 32
604492 638170.12 738260.18 ‐44411 5 4 349 31 33 33
604492 638170.12 738260.18 ‐50776 5 4 349 31 34 34
604492 638170.12 738260.18 ‐67737 5 4 349 31 35 35
604492 638170.12 738260.18 ‐67737 5 4 349 31 36 36
605133 651494.4 730476.93 ‐89004 5 4 365 427 29 29
605133 651494.4 730476.93 ‐59809 5 4 365 427 30 30
605133 651494.4 730476.93 ‐69141 5 4 365 427 31 31
605133 651494.4 730476.93 ‐46807 5 4 365 427 32 32
605133 651494.4 730476.93 ‐27668 5 4 365 427 33 33
605133 651494.4 730476.93 ‐32439 5 4 365 427 34 34
605133 651494.4 730476.93 ‐10495 5 4 365 427 35 35
605133 651494.4 730476.93 ‐10495 5 4 365 427 36 36
605134 651546.18 721219.24 ‐61345 5 4 383 428 29 29
605134 651546.18 721219.24 ‐65702 5 4 383 428 30 30
605134 651546.18 721219.24 ‐57960 5 4 383 428 31 31
605134 651546.18 721219.24 ‐62254 5 4 383 428 32 32
605134 651546.18 721219.24 ‐80381 5 4 383 428 33 33
605134 651546.18 721219.24 ‐137984 5 4 383 428 34 34
605134 651546.18 721219.24 ‐65116 5 4 383 428 35 35
605134 651546.18 721219.24 ‐65116 5 4 383 428 36 36
605529 679485.53 751584.08 ‐59407 5 4 53 528 29 29
605529 679485.53 751584.08 ‐68641 5 4 53 528 30 30
605529 679485.53 751584.08 ‐58557 5 4 53 528 31 31
605529 679485.53 751584.08 ‐30054 5 4 53 528 32 32
605529 679485.53 751584.08 ‐29457 5 4 53 528 33 33
605529 679485.53 751584.08 ‐46034 5 4 53 528 34 34
605529 679485.53 751584.08 ‐32025 5 4 53 528 35 35
605529 679485.53 751584.08 ‐32025 5 4 53 528 36 36
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605530 669649.98 747573.07 ‐51860 5 4 132 508 29 29
605530 669649.98 747573.07 ‐63845 5 4 132 508 30 30
605530 669649.98 747573.07 ‐49016 5 4 132 508 31 31
605530 669649.98 747573.07 ‐22421 5 4 132 508 32 32
605530 669649.98 747573.07 ‐33274 5 4 132 508 33 33
605530 669649.98 747573.07 ‐63804 5 4 132 508 34 34
605530 669649.98 747573.07 ‐36626 5 4 132 508 35 35
605530 669649.98 747573.07 ‐36626 5 4 132 508 36 36
606372 635601.12 732369.87 ‐13227 5 4 361 26 29 29
606372 635601.12 732369.87 ‐8482 5 4 361 26 30 30
606372 635601.12 732369.87 0 5 4 361 26 31 31
606372 635601.12 732369.87 0 5 4 361 26 32 32
606372 635601.12 732369.87 ‐11410 5 4 361 26 33 33
606372 635601.12 732369.87 ‐10727 5 4 361 26 34 34
606372 635601.12 732369.87 ‐7591 5 4 361 26 35 35
606372 635601.12 732369.87 ‐7591 5 4 361 26 36 36
606373 635608.98 730413.96 0 3 3 365 26 29 29
606373 635608.98 730413.96 0 3 3 365 26 30 30
606373 635608.98 730413.96 0 3 3 365 26 31 31
606373 635608.98 730413.96 0 3 3 365 26 32 32
606373 635608.98 730413.96 ‐1732 3 3 365 26 33 33
606373 635608.98 730413.96 0 3 3 365 26 34 34
606373 635608.98 730413.96 0 3 3 365 26 35 35
606373 635608.98 730413.96 0 3 3 365 26 36 36
606374 634327.21 733668.21 ‐1808 5 4 358 24 29 29
606374 634327.21 733668.21 ‐120 5 4 358 24 30 30
606374 634327.21 733668.21 0 5 4 358 24 31 31
606374 634327.21 733668.21 0 5 4 358 24 32 32
606374 634327.21 733668.21 0 5 4 358 24 33 33
606374 634327.21 733668.21 0 5 4 358 24 34 34
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606374 634327.21 733668.21 0 5 4 358 24 35 35
606374 634327.21 733668.21 0 5 4 358 24 36 36
608009 634611.61 735305.04 ‐54374 5 4 355 24 29 29
608009 634611.61 735305.04 ‐67917 5 4 355 24 30 30
608009 634611.61 735305.04 ‐68217 5 4 355 24 31 31
608009 634611.61 735305.04 ‐53786 5 4 355 24 32 32
608009 634611.61 735305.04 ‐44126 5 4 355 24 33 33
608009 634611.61 735305.04 ‐31604 5 4 355 24 34 34
608009 634611.61 735305.04 ‐14311 5 4 355 24 35 35
608009 634611.61 735305.04 ‐14311 5 4 355 24 36 36
608010 634288.62 734970.76 ‐71923 5 4 356 24 29 29
608010 634288.62 734970.76 ‐83828 5 4 356 24 30 30
608010 634288.62 734970.76 ‐81574 5 4 356 24 31 31
608010 634288.62 734970.76 ‐75015 5 4 356 24 32 32
608010 634288.62 734970.76 ‐50328 5 4 356 24 33 33
608010 634288.62 734970.76 ‐75611 5 4 356 24 34 34
608010 634288.62 734970.76 ‐40429 5 4 356 24 35 35
608010 634288.62 734970.76 ‐40429 5 4 356 24 36 36
608734 652140.01 730472.71 ‐15405 3 3 365 440 29 29
608734 652140.01 730472.71 ‐6296 3 3 365 440 30 30
608734 652140.01 730472.71 ‐9779 3 3 365 440 31 31
608734 652140.01 730472.71 0 3 3 365 440 32 32
608734 652140.01 730472.71 0 3 3 365 440 33 33
608734 652140.01 730472.71 ‐4532 3 3 365 440 34 34
608734 652140.01 730472.71 0 3 3 365 440 35 35
608734 652140.01 730472.71 0 3 3 365 440 36 36
609668 642727.21 740892.58 ‐103775 3 3 341 42 29 29
609668 642727.21 740892.58 ‐84233 3 3 341 42 30 30
609668 642727.21 740892.58 ‐72659 3 3 341 42 31 31
609668 642727.21 740892.58 ‐89230 3 3 341 42 32 32
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609668 642727.21 740892.58 ‐54934 3 3 341 42 33 33
609668 642727.21 740892.58 ‐30513 3 3 341 42 34 34
609668 642727.21 740892.58 ‐27171 3 3 341 42 35 35
609668 642727.21 740892.58 ‐27171 3 3 341 42 36 36
609670 642061.44 742869.01 ‐99419 5 4 320 40 29 29
609670 642061.44 742869.01 ‐84925 5 4 320 40 30 30
609670 642061.44 742869.01 ‐76504 5 4 320 40 31 31
609670 642061.44 742869.01 ‐74782 5 4 320 40 32 32
609670 642061.44 742869.01 ‐54108 5 4 320 40 33 33
609670 642061.44 742869.01 0 5 4 320 40 34 34
609670 642061.44 742869.01 0 5 4 320 40 35 35
609670 642061.44 742869.01 0 5 4 320 40 36 36
609672 643369.95 744189.88 ‐70695 5 4 294 45 29 29
609672 643369.95 744189.88 ‐71724 5 4 294 45 30 30
609672 643369.95 744189.88 ‐66497 5 4 294 45 31 31
609672 643369.95 744189.88 ‐54769 5 4 294 45 32 32
609672 643369.95 744189.88 ‐35619 5 4 294 45 33 33
609672 643369.95 744189.88 ‐30703 5 4 294 45 34 34
609672 643369.95 744189.88 ‐23673 5 4 294 45 35 35
609672 643369.95 744189.88 ‐23673 5 4 294 45 36 36
609760 623972.56 731631.83 ‐1121 5 4 362 3 29 29
609760 623972.56 731631.83 ‐1121 5 4 362 3 30 30
609760 623972.56 731631.83 0 5 4 362 3 31 31
609760 623972.56 731631.83 0 5 4 362 3 32 32
609760 623972.56 731631.83 0 5 4 362 3 33 33
609760 623972.56 731631.83 ‐1121 5 4 362 3 34 34
609760 623972.56 731631.83 ‐1121 5 4 362 3 35 35
609760 623972.56 731631.83 ‐1121 5 4 362 3 36 36
609761 625301.64 731646.7 ‐16748 5 4 362 6 29 29
609761 625301.64 731646.7 ‐30217 5 4 362 6 30 30
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609761 625301.64 731646.7 ‐21765 5 4 362 6 31 31
609761 625301.64 731646.7 ‐26285 5 4 362 6 32 32
609761 625301.64 731646.7 ‐25531 5 4 362 6 33 33
609761 625301.64 731646.7 ‐24407 5 4 362 6 34 34
609761 625301.64 731646.7 ‐9182 5 4 362 6 35 35
609761 625301.64 731646.7 ‐9182 5 4 362 6 36 36
610135 672344.46 741003.22 ‐63135 5 4 340 514 29 29
610135 672344.46 741003.22 ‐64674 5 4 340 514 30 30
610135 672344.46 741003.22 ‐43530 5 4 340 514 31 31
610135 672344.46 741003.22 ‐12284 5 4 340 514 32 32
610135 672344.46 741003.22 ‐57006 5 4 340 514 33 33
610135 672344.46 741003.22 ‐47346 5 4 340 514 34 34
610135 672344.46 741003.22 ‐27311 5 4 340 514 35 35
610135 672344.46 741003.22 ‐27311 5 4 340 514 36 36
610136 667692.51 736968.58 ‐42182 5 4 352 504 29 29
610136 667692.51 736968.58 ‐36878 5 4 352 504 30 30
610136 667692.51 736968.58 ‐43430 5 4 352 504 31 31
610136 667692.51 736968.58 ‐48658 5 4 352 504 32 32
610136 667692.51 736968.58 ‐49851 5 4 352 504 33 33
610136 667692.51 736968.58 0 5 4 352 504 34 34
610136 667692.51 736968.58 ‐85449 5 4 352 504 35 35
610136 667692.51 736968.58 ‐85449 5 4 352 504 36 36
610141 674884.59 747608.9 ‐117029 5 4 131 519 29 29
610141 674884.59 747608.9 ‐96733 5 4 131 519 30 30
610141 674884.59 747608.9 ‐113297 5 4 131 519 31 31
610141 674884.59 747608.9 ‐74180 5 4 131 519 32 32
610141 674884.59 747608.9 ‐97316 5 4 131 519 33 33
610141 674884.59 747608.9 ‐113774 5 4 131 519 34 34
610141 674884.59 747608.9 ‐100536 5 4 131 519 35 35
610141 674884.59 747608.9 ‐100536 5 4 131 519 36 36

JUNE 2019



FLORENCE COPPER INC.
APPENDIX B

APPLICATION TO AMEND AQUIFER PROTECTION PERMIT NO. 101704
ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
Q ‐ Pumping Rate
(cubic feet per day) Bottom Layer

Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

610432 663108.53 747493.01 ‐138059 5 4 134 495 29 29
610432 663108.53 747493.01 ‐124724 5 4 134 495 30 30
610432 663108.53 747493.01 ‐140943 5 4 134 495 31 31
610432 663108.53 747493.01 ‐145616 5 4 134 495 32 32
610432 663108.53 747493.01 ‐63840 5 4 134 495 33 33
610432 663108.53 747493.01 ‐38998 5 4 134 495 34 34
610432 663108.53 747493.01 ‐30888 5 4 134 495 35 35
610432 663108.53 747493.01 ‐30888 5 4 134 495 36 36
610523 629999.4 729095.01 ‐650 2 2 367 15 29 29
610523 629999.4 729095.01 ‐1920 2 2 367 15 30 30
610523 629999.4 729095.01 ‐1312 2 2 367 15 31 31
610523 629999.4 729095.01 ‐1146 2 2 367 15 32 32
610523 629999.4 729095.01 ‐594 2 2 367 15 33 33
610523 629999.4 729095.01 ‐1283 2 2 367 15 34 34
610523 629999.4 729095.01 ‐1710 2 2 367 15 35 35
610523 629999.4 729095.01 ‐1710 2 2 367 15 36 36
610621 636616.85 770612.09 0 5 4 2 28 29 29
610621 636616.85 770612.09 ‐12367 5 4 2 28 30 30
610621 636616.85 770612.09 ‐56389 5 4 2 28 31 31
610621 636616.85 770612.09 ‐48016 5 4 2 28 32 32
610621 636616.85 770612.09 ‐46019 5 4 2 28 33 33
610621 636616.85 770612.09 ‐40785 5 4 2 28 34 34
610621 636616.85 770612.09 ‐58707 5 4 2 28 35 35
610621 636616.85 770612.09 ‐58707 5 4 2 28 36 36
610622 639240.52 770608.77 0 5 4 2 33 29 29
610622 639240.52 770608.77 0 5 4 2 33 30 30
610622 639240.52 770608.77 ‐66536 5 4 2 33 31 31
610622 639240.52 770608.77 ‐52092 5 4 2 33 32 32
610622 639240.52 770608.77 ‐47597 5 4 2 33 33 33
610622 639240.52 770608.77 ‐62007 5 4 2 33 34 34
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610622 639240.52 770608.77 ‐44503 5 4 2 33 35 35
610622 639240.52 770608.77 ‐44503 5 4 2 33 36 36
610623 640552.38 770603.83 0 5 4 2 36 29 29
610623 640552.38 770603.83 0 5 4 2 36 30 30
610623 640552.38 770603.83 ‐50941 5 4 2 36 31 31
610623 640552.38 770603.83 ‐56514 5 4 2 36 32 32
610623 640552.38 770603.83 ‐49719 5 4 2 36 33 33
610623 640552.38 770603.83 ‐64066 5 4 2 36 34 34
610623 640552.38 770603.83 ‐9977 5 4 2 36 35 35
610623 640552.38 770603.83 ‐9977 5 4 2 36 36 36
610624 637928.68 770610.43 ‐85760 5 4 2 31 29 29
610624 637928.68 770610.43 ‐97658 5 4 2 31 30 30
610624 637928.68 770610.43 0 5 4 2 31 31 31
610624 637928.68 770610.43 0 5 4 2 31 32 32
610624 637928.68 770610.43 0 5 4 2 31 33 33
610624 637928.68 770610.43 0 5 4 2 31 34 34
610624 637928.68 770610.43 0 5 4 2 31 35 35
610624 637928.68 770610.43 0 5 4 2 31 36 36
610632 640567.49 769287.94 ‐61962 5 4 5 36 29 29
610632 640567.49 769287.94 ‐102087 5 4 5 36 30 30
610632 640567.49 769287.94 0 5 4 5 36 31 31
610632 640567.49 769287.94 0 5 4 5 36 32 32
610632 640567.49 769287.94 0 5 4 5 36 33 33
610632 640567.49 769287.94 0 5 4 5 36 34 34
610632 640567.49 769287.94 0 5 4 5 36 35 35
610632 640567.49 769287.94 0 5 4 5 36 36 36
610636 646351.5 717285 ‐20296 3 3 391 90 29 29
610636 646351.5 717285 ‐23839 3 3 391 90 30 30
610636 646351.5 717285 ‐26356 3 3 391 90 31 31
610636 646351.5 717285 ‐23017 3 3 391 90 32 32
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610636 646351.5 717285 ‐23613 3 3 391 90 33 33
610636 646351.5 717285 ‐23136 3 3 391 90 34 34
610636 646351.5 717285 ‐10018 3 3 391 90 35 35
610636 646351.5 717285 ‐10018 3 3 391 90 36 36
612195 659332.96 730433.66 ‐64601 5 4 365 488 29 29
612195 659332.96 730433.66 ‐45557 5 4 365 488 30 30
612195 659332.96 730433.66 ‐34824 5 4 365 488 31 31
612195 659332.96 730433.66 ‐5724 5 4 365 488 32 32
612195 659332.96 730433.66 ‐29219 5 4 365 488 33 33
612195 659332.96 730433.66 ‐77996 5 4 365 488 34 34
612195 659332.96 730433.66 ‐43768 5 4 365 488 35 35
612195 659332.96 730433.66 ‐43768 5 4 365 488 36 36
612196 659302.51 731742.87 ‐93036 5 4 362 488 29 29
612196 659302.51 731742.87 ‐76565 5 4 362 488 30 30
612196 659302.51 731742.87 ‐56291 5 4 362 488 31 31
612196 659302.51 731742.87 ‐33512 5 4 362 488 32 32
612196 659302.51 731742.87 ‐89564 5 4 362 488 33 33
612196 659302.51 731742.87 ‐89564 5 4 362 488 34 34
612196 659302.51 731742.87 ‐56649 5 4 362 488 35 35
612196 659302.51 731742.87 ‐56649 5 4 362 488 36 36
612197 659302.51 731742.87 ‐101915 5 4 362 488 29 29
612197 659302.51 731742.87 ‐61061 5 4 362 488 30 30
612197 659302.51 731742.87 ‐68097 5 4 362 488 31 31
612197 659302.51 731742.87 ‐16339 5 4 362 488 32 32
612197 659302.51 731742.87 ‐60107 5 4 362 488 33 33
612197 659302.51 731742.87 ‐99105 5 4 362 488 34 34
612197 659302.51 731742.87 ‐65712 5 4 362 488 35 35
612197 659302.51 731742.87 ‐65712 5 4 362 488 36 36
612198 657456.56 729836.42 ‐81816 5 4 366 484 29 29
612198 657456.56 729836.42 ‐81335 5 4 366 484 30 30
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612198 657456.56 729836.42 ‐73226 5 4 366 484 31 31
612198 657456.56 729836.42 ‐29099 5 4 366 484 32 32
612198 657456.56 729836.42 ‐65474 5 4 366 484 33 33
612198 657456.56 729836.42 ‐117590 5 4 366 484 34 34
612198 657456.56 729836.42 ‐65593 5 4 366 484 35 35
612198 657456.56 729836.42 ‐65593 5 4 366 484 36 36
612515 672980.13 742328.1 ‐118698 5 4 329 515 29 29
612515 672980.13 742328.1 ‐112556 5 4 329 515 30 30
612515 672980.13 742328.1 ‐103637 5 4 329 515 31 31
612515 672980.13 742328.1 ‐49970 5 4 329 515 32 32
612515 672980.13 742328.1 ‐61061 5 4 329 515 33 33
612515 672980.13 742328.1 ‐98628 5 4 329 515 34 34
612515 672980.13 742328.1 ‐57006 5 4 329 515 35 35
612515 672980.13 742328.1 ‐57006 5 4 329 515 36 36
612516 669723.91 739664.32 ‐4246 5 4 346 508 29 29
612516 669723.91 739664.32 ‐5627 5 4 346 508 30 30
612516 669723.91 739664.32 0 5 4 346 508 31 31
612516 669723.91 739664.32 0 5 4 346 508 32 32
612516 669723.91 739664.32 0 5 4 346 508 33 33
612516 669723.91 739664.32 ‐20871 5 4 346 508 34 34
612516 669723.91 739664.32 ‐18485 5 4 346 508 35 35
612516 669723.91 739664.32 ‐18485 5 4 346 508 36 36
612517 679484.72 748292.3 ‐26150 5 4 118 528 29 29
612517 679484.72 748292.3 ‐23955 5 4 118 528 30 30
612517 679484.72 748292.3 ‐23375 5 4 118 528 31 31
612517 679484.72 748292.3 ‐26476 5 4 118 528 32 32
612517 679484.72 748292.3 ‐36613 5 4 118 528 33 33
612517 679484.72 748292.3 ‐57006 5 4 118 528 34 34
612517 679484.72 748292.3 ‐31008 5 4 118 528 35 35
612517 679484.72 748292.3 ‐31008 5 4 118 528 36 36
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612518 654789.46 723219.89 ‐124457 5 4 379 476 29 29
612518 654789.46 723219.89 ‐130120 5 4 379 476 30 30
612518 654789.46 723219.89 ‐139176 5 4 379 476 31 31
612518 654789.46 723219.89 ‐123315 5 4 379 476 32 32
612518 654789.46 723219.89 ‐105903 5 4 379 476 33 33
612518 654789.46 723219.89 ‐132140 5 4 379 476 34 34
612518 654789.46 723219.89 ‐37328 5 4 379 476 35 35
612518 654789.46 723219.89 ‐37328 5 4 379 476 36 36
612747 626063.22 729067.27 ‐41189 5 4 367 7 29 29
612747 626063.22 729067.27 ‐38144 5 4 367 7 30 30
612747 626063.22 729067.27 ‐44007 5 4 367 7 31 31
612747 626063.22 729067.27 ‐49851 5 4 367 7 32 32
612747 626063.22 729067.27 ‐38044 5 4 367 7 33 33
612747 626063.22 729067.27 ‐48658 5 4 367 7 34 34
612747 626063.22 729067.27 ‐32509 5 4 367 7 35 35
612747 626063.22 729067.27 ‐32509 5 4 367 7 36 36
612748 628029.99 729081.13 ‐44341 5 4 367 11 29 29
612748 628029.99 729081.13 ‐43636 5 4 367 11 30 30
612748 628029.99 729081.13 ‐51043 5 4 367 11 31 31
612748 628029.99 729081.13 ‐53071 5 4 367 11 32 32
612748 628029.99 729081.13 ‐49374 5 4 367 11 33 33
612748 628029.99 729081.13 ‐69767 5 4 367 11 34 34
612748 628029.99 729081.13 ‐53183 5 4 367 11 35 35
612748 628029.99 729081.13 ‐53183 5 4 367 11 36 36
612749 629343.02 729092.57 ‐57761 5 4 367 14 29 29
612749 629343.02 729092.57 ‐30566 5 4 367 14 30 30
612749 629343.02 729092.57 ‐49016 5 4 367 14 31 31
612749 629343.02 729092.57 ‐55098 5 4 367 14 32 32
612749 629343.02 729092.57 ‐49254 5 4 367 14 33 33
612749 629343.02 729092.57 ‐52355 5 4 367 14 34 34
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612749 629343.02 729092.57 ‐48819 5 4 367 14 35 35
612749 629343.02 729092.57 ‐48819 5 4 367 14 36 36
616515 676929.62 744981.52 ‐50991 5 4 278 523 29 29
616515 676929.62 744981.52 ‐44842 5 4 278 523 30 30
616515 676929.62 744981.52 ‐23494 5 4 278 523 31 31
616515 676929.62 744981.52 ‐25283 5 4 278 523 32 32
616515 676929.62 744981.52 ‐21467 5 4 278 523 33 33
616515 676929.62 744981.52 ‐27549 5 4 278 523 34 34
616515 676929.62 744981.52 ‐24901 5 4 278 523 35 35
616515 676929.62 744981.52 ‐24901 5 4 278 523 36 36
616516 680169.1 747645.17 ‐45869 5 4 131 529 29 29
616516 680169.1 747645.17 ‐66786 5 4 131 529 30 30
616516 680169.1 747645.17 ‐37448 5 4 131 529 31 31
616516 680169.1 747645.17 ‐29576 5 4 131 529 32 32
616516 680169.1 747645.17 ‐59869 5 4 131 529 33 33
616516 680169.1 747645.17 ‐29099 5 4 131 529 34 34
616516 680169.1 747645.17 ‐24901 5 4 131 529 35 35
616516 680169.1 747645.17 ‐24901 5 4 131 529 36 36
616686 642959.42 723930.74 ‐5738 3 3 378 43 29 29
616686 642959.42 723930.74 ‐11177 3 3 378 43 30 30
616686 642959.42 723930.74 ‐10039 3 3 378 43 31 31
616686 642959.42 723930.74 ‐9963 3 3 378 43 32 32
616686 642959.42 723930.74 ‐8946 3 3 378 43 33 33
616686 642959.42 723930.74 ‐13207 3 3 378 43 34 34
616686 642959.42 723930.74 ‐1304 3 3 378 43 35 35
616686 642959.42 723930.74 ‐1304 3 3 378 43 36 36
616687 642959.42 723930.74 ‐5534 5 4 378 43 29 29
616687 642959.42 723930.74 ‐361 5 4 378 43 30 30
616687 642959.42 723930.74 0 5 4 378 43 31 31
616687 642959.42 723930.74 0 5 4 378 43 32 32
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616687 642959.42 723930.74 ‐5980 5 4 378 43 33 33
616687 642959.42 723930.74 ‐7002 5 4 378 43 34 34
616687 642959.42 723930.74 ‐9639 5 4 378 43 35 35
616687 642959.42 723930.74 ‐9639 5 4 378 43 36 36
616763 628091.89 736551.08 ‐112 5 4 352 11 29 29
616763 628091.89 736551.08 0 5 4 352 11 30 30
616763 628091.89 736551.08 ‐9589 5 4 352 11 31 31
616763 628091.89 736551.08 0 5 4 352 11 32 32
616763 628091.89 736551.08 0 5 4 352 11 33 33
616763 628091.89 736551.08 0 5 4 352 11 34 34
616763 628091.89 736551.08 ‐140 5 4 352 11 35 35
616763 628091.89 736551.08 ‐140 5 4 352 11 36 36
616764 628091.89 736551.08 ‐74 5 4 352 11 29 29
616764 628091.89 736551.08 ‐12 5 4 352 11 30 30
616764 628091.89 736551.08 0 5 4 352 11 31 31
616764 628091.89 736551.08 0 5 4 352 11 32 32
616764 628091.89 736551.08 0 5 4 352 11 33 33
616764 628091.89 736551.08 0 5 4 352 11 34 34
616764 628091.89 736551.08 ‐218 5 4 352 11 35 35
616764 628091.89 736551.08 ‐218 5 4 352 11 36 36
616927 634194.01 744162.34 ‐73073 5 4 294 23 29 29
616927 634194.01 744162.34 ‐67778 5 4 294 23 30 30
616927 634194.01 744162.34 ‐49929 5 4 294 23 31 31
616927 634194.01 744162.34 ‐42447 5 4 294 23 32 32
616927 634194.01 744162.34 ‐50780 5 4 294 23 33 33
616927 634194.01 744162.34 ‐61081 5 4 294 23 34 34
616927 634194.01 744162.34 ‐45033 5 4 294 23 35 35
616927 634194.01 744162.34 ‐45033 5 4 294 23 36 36
617189 674900.45 756883.73 ‐45685 5 4 30 519 29 29
617189 674900.45 756883.73 ‐48211 5 4 30 519 30 30
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617189 674900.45 756883.73 ‐30241 5 4 30 519 31 31
617189 674900.45 756883.73 0 5 4 30 519 32 32
617189 674900.45 756883.73 0 5 4 30 519 33 33
617189 674900.45 756883.73 0 5 4 30 519 34 34
617189 674900.45 756883.73 ‐5605 5 4 30 519 35 35
617189 674900.45 756883.73 ‐5605 5 4 30 519 36 36
618023 636470.72 745179.88 ‐4656 5 4 274 28 29 29
618023 636470.72 745179.88 ‐3635 5 4 274 28 30 30
618023 636470.72 745179.88 ‐5141 5 4 274 28 31 31
618023 636470.72 745179.88 ‐5394 5 4 274 28 32 32
618023 636470.72 745179.88 ‐2811 5 4 274 28 33 33
618023 636470.72 745179.88 ‐1044 5 4 274 28 34 34
618023 636470.72 745179.88 ‐883 5 4 274 28 35 35
618023 636470.72 745179.88 ‐883 5 4 274 28 36 36
618027 677596.15 743671.29 0 5 4 304 524 29 29
618027 677596.15 743671.29 0 5 4 304 524 30 30
618027 677596.15 743671.29 0 5 4 304 524 31 31
618027 677596.15 743671.29 0 5 4 304 524 32 32
618027 677596.15 743671.29 0 5 4 304 524 33 33
618027 677596.15 743671.29 ‐217 5 4 304 524 34 34
618027 677596.15 743671.29 ‐50806 5 4 304 524 35 35
618027 677596.15 743671.29 ‐50806 5 4 304 524 36 36
618508 656680.99 718536.72 ‐74125 5 4 388 482 29 29
618508 656680.99 718536.72 ‐45479 5 4 388 482 30 30
618508 656680.99 718536.72 ‐67024 5 4 388 482 31 31
618508 656680.99 718536.72 ‐68097 5 4 388 482 32 32
618508 656680.99 718536.72 0 5 4 388 482 33 33
618508 656680.99 718536.72 ‐68097 5 4 388 482 34 34
618508 656680.99 718536.72 ‐66800 5 4 388 482 35 35
618508 656680.99 718536.72 ‐66800 5 4 388 482 36 36
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Name X Y
Q ‐ Pumping Rate
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Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

618509 656680.99 718536.72 ‐51442 5 4 388 482 29 29
618509 656680.99 718536.72 ‐41840 5 4 388 482 30 30
618509 656680.99 718536.72 ‐42218 5 4 388 482 31 31
618509 656680.99 718536.72 ‐52832 5 4 388 482 32 32
618509 656680.99 718536.72 0 5 4 388 482 33 33
618509 656680.99 718536.72 ‐58557 5 4 388 482 34 34
618509 656680.99 718536.72 ‐53797 5 4 388 482 35 35
618509 656680.99 718536.72 ‐53797 5 4 388 482 36 36
619401 654989.72 770602.04 ‐16422 5 4 2 476 29 29
619401 654989.72 770602.04 ‐14502 5 4 2 476 30 30
619401 654989.72 770602.04 ‐15430 5 4 2 476 31 31
619401 654989.72 770602.04 ‐16207 5 4 2 476 32 32
619401 654989.72 770602.04 ‐15697 5 4 2 476 33 33
619401 654989.72 770602.04 ‐15964 5 4 2 476 34 34
619401 654989.72 770602.04 ‐10483 5 4 2 476 35 35
619401 654989.72 770602.04 ‐10483 5 4 2 476 36 36
619533 663791.88 740945.04 ‐1259 5 4 341 497 29 29
619533 663791.88 740945.04 ‐2383 5 4 341 497 30 30
619533 663791.88 740945.04 ‐1013 5 4 341 497 31 31
619533 663791.88 740945.04 ‐477 5 4 341 497 32 32
619533 663791.88 740945.04 ‐19006 5 4 341 497 33 33
619533 663791.88 740945.04 ‐54979 5 4 341 497 34 34
619533 663791.88 740945.04 ‐7990 5 4 341 497 35 35
619533 663791.88 740945.04 ‐7990 5 4 341 497 36 36
619534 661849.47 737642.93 ‐126806 5 4 350 493 29 29
619534 661849.47 737642.93 ‐103257 5 4 350 493 30 30
619534 661849.47 737642.93 ‐60594 5 4 350 493 31 31
619534 661849.47 737642.93 ‐59511 5 4 350 493 32 32
619534 661849.47 737642.93 ‐99061 5 4 350 493 33 33
619534 661849.47 737642.93 ‐76224 5 4 350 493 34 34
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Layer Row Column

Start Stress 
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End Stress 
Period

619534 661849.47 737642.93 ‐150625 5 4 350 493 35 35
619534 661849.47 737642.93 ‐150625 5 4 350 493 36 36
621536 631594.46 742154.16 ‐67963 5 4 331 18 29 29
621536 631594.46 742154.16 ‐51938 5 4 331 18 30 30
621536 631594.46 742154.16 0 5 4 331 18 31 31
621536 631594.46 742154.16 0 5 4 331 18 32 32
621536 631594.46 742154.16 0 5 4 331 18 33 33
621536 631594.46 742154.16 0 5 4 331 18 34 34
621536 631594.46 742154.16 0 5 4 331 18 35 35
621536 631594.46 742154.16 0 5 4 331 18 36 36
621537 630285.55 741483.09 ‐2442 5 4 338 16 29 29
621537 630285.55 741483.09 ‐40374 5 4 338 16 30 30
621537 630285.55 741483.09 ‐21692 5 4 338 16 31 31
621537 630285.55 741483.09 ‐21925 5 4 338 16 32 32
621537 630285.55 741483.09 ‐23970 5 4 338 16 33 33
621537 630285.55 741483.09 ‐25235 5 4 338 16 34 34
621537 630285.55 741483.09 ‐26237 5 4 338 16 35 35
621537 630285.55 741483.09 ‐26237 5 4 338 16 36 36
621538 630286.44 740176.94 ‐107600 5 4 344 16 29 29
621538 630286.44 740176.94 ‐87400 5 4 344 16 30 30
621538 630286.44 740176.94 ‐28503 5 4 344 16 31 31
621538 630286.44 740176.94 ‐33989 5 4 344 16 32 32
621538 630286.44 740176.94 ‐57562 5 4 344 16 33 33
621538 630286.44 740176.94 ‐25402 5 4 344 16 34 34
621538 630286.44 740176.94 ‐26428 5 4 344 16 35 35
621538 630286.44 740176.94 ‐26428 5 4 344 16 36 36
622483 633420.84 731395.85 ‐799 5 4 363 22 29 29
622483 633420.84 731395.85 ‐799 5 4 363 22 30 30
622483 633420.84 731395.85 0 5 4 363 22 31 31
622483 633420.84 731395.85 ‐799 5 4 363 22 32 32
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Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

622483 633420.84 731395.85 ‐799 5 4 363 22 33 33
622483 633420.84 731395.85 ‐799 5 4 363 22 34 34
622483 633420.84 731395.85 0 5 4 363 22 35 35
622483 633420.84 731395.85 0 5 4 363 22 36 36
623918 659160.68 746838.29 ‐27346 5 4 170 487 29 29
623918 659160.68 746838.29 ‐22063 5 4 170 487 30 30
623918 659160.68 746838.29 ‐26356 5 4 170 487 31 31
623918 659160.68 746838.29 ‐24568 5 4 170 487 32 32
623918 659160.68 746838.29 ‐10972 5 4 170 487 33 33
623918 659160.68 746838.29 ‐15146 5 4 170 487 34 34
623918 659160.68 746838.29 ‐9064 5 4 170 487 35 35
623918 659160.68 746838.29 ‐9064 5 4 170 487 36 36
624355 648736.5 734355.02 ‐63266 5 4 357 237 29 29
624355 648736.5 734355.02 ‐71109 5 4 357 237 30 30
624355 648736.5 734355.02 ‐67501 5 4 357 237 31 31
624355 648736.5 734355.02 ‐52832 5 4 357 237 32 32
624355 648736.5 734355.02 ‐49493 5 4 357 237 33 33
624355 648736.5 734355.02 ‐66666 5 4 357 237 34 34
624355 648736.5 734355.02 ‐51052 5 4 357 237 35 35
624355 648736.5 734355.02 ‐51052 5 4 357 237 36 36
624356 648723.26 735008 ‐63761 3 3 355 236 29 29
624356 648723.26 735008 ‐50875 3 3 355 236 30 30
624356 648723.26 735008 ‐61419 3 3 355 236 31 31
624356 648723.26 735008 ‐44365 3 3 355 236 32 32
624356 648723.26 735008 ‐30173 3 3 355 236 33 33
624356 648723.26 735008 ‐29338 3 3 355 236 34 34
624356 648723.26 735008 ‐42177 3 3 355 236 35 35
624356 648723.26 735008 ‐42177 3 3 355 236 36 36
624357 644835.63 735692.83 ‐55377 5 4 354 59 29 29
624357 644835.63 735692.83 ‐50162 5 4 354 59 30 30
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ATTACHMENT 14 ‐ TECHNICAL REQUIREMENTS ‐ HYDROGEOLOGIC STUDY (ITEM 19H)

Name X Y
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Top
Layer Row Column

Start Stress 
Period

End Stress 
Period

624357 644835.63 735692.83 ‐59749 5 4 354 59 31 31
624357 644835.63 735692.83 ‐47108 5 4 354 59 32 32
624357 644835.63 735692.83 ‐58914 5 4 354 59 33 33
624357 644835.63 735692.83 ‐62254 5 4 354 59 34 34
624357 644835.63 735692.83 ‐59295 5 4 354 59 35 35
624357 644835.63 735692.83 ‐59295 5 4 354 59 36 36
624358 642234.37 734367.26 ‐40274 2 2 357 40 29 29
624358 642234.37 734367.26 ‐45618 2 2 357 40 30 30
624358 642234.37 734367.26 ‐42099 2 2 357 40 31 31
624358 642234.37 734367.26 ‐46988 2 2 357 40 32 32
624358 642234.37 734367.26 ‐58199 2 2 357 40 33 33
624358 642234.37 734367.26 ‐60465 2 2 357 40 34 34
624358 642234.37 734367.26 ‐62504 2 2 357 40 35 35
624358 642234.37 734367.26 ‐62504 2 2 357 40 36 36
624359 651318.54 733632.55 ‐106784 5 4 358 424 29 29
624359 651318.54 733632.55 ‐88879 5 4 358 424 30 30
624359 651318.54 733632.55 ‐110196 5 4 358 424 31 31
624359 651318.54 733632.55 ‐105903 5 4 358 424 32 32
624359 651318.54 733632.55 ‐94931 5 4 358 424 33 33
624359 651318.54 733632.55 ‐117352 5 4 358 424 34 34
624359 651318.54 733632.55 ‐99829 5 4 358 424 35 35
624359 651318.54 733632.55 ‐99829 5 4 358 424 36 36
624360 646228.62 733122.16 ‐72527 5 4 359 87 29 29
624360 646228.62 733122.16 ‐52358 5 4 359 87 30 30
624360 646228.62 733122.16 ‐63327 5 4 359 87 31 31
624360 646228.62 733122.16 ‐42457 5 4 359 87 32 32
624360 646228.62 733122.16 ‐52474 5 4 359 87 33 33
624360 646228.62 733122.16 ‐58199 5 4 359 87 34 34
624360 646228.62 733122.16 ‐59672 5 4 359 87 35 35
624360 646228.62 733122.16 ‐59672 5 4 359 87 36 36
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Top
Layer Row Column
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627605 640693.73 755439.67 ‐73786 5 4 33 36 29 29
627605 640693.73 755439.67 ‐73562 5 4 33 36 30 30
627605 640693.73 755439.67 ‐74628 5 4 33 36 31 31
627605 640693.73 755439.67 ‐70999 5 4 33 36 32 32
627605 640693.73 755439.67 ‐63962 5 4 33 36 33 33
627605 640693.73 755439.67 ‐71643 5 4 33 36 34 34
627605 640693.73 755439.67 ‐71643 5 4 33 36 35 35
627605 640693.73 755439.67 ‐71643 5 4 33 36 36 36
627608 647947.51 745529.43 ‐88593 8 4 267 174 29 29
627608 647947.51 745529.43 ‐81320 8 4 267 174 30 30
627608 647947.51 745529.43 ‐72103 8 4 267 174 31 31
627608 647947.51 745529.43 ‐78382 8 4 267 174 32 32
627608 647947.51 745529.43 ‐53777 8 4 267 174 33 33
627608 647947.51 745529.43 ‐69170 8 4 267 174 34 34
627608 647947.51 745529.43 ‐36331 8 4 267 174 35 35
627608 647947.51 745529.43 ‐36331 8 4 267 174 36 36
627609 651233.01 743552.88 0 8 4 306 422 29 29
627609 651233.01 743552.88 0 8 4 306 422 30 30
627609 651233.01 743552.88 0 8 4 306 422 31 31
627609 651233.01 743552.88 0 8 4 306 422 32 32
627609 651233.01 743552.88 0 8 4 306 422 33 33
627609 651233.01 743552.88 0 8 4 306 422 34 34
627609 651233.01 743552.88 ‐10051 8 4 306 422 35 35
627609 651233.01 743552.88 ‐10051 8 4 306 422 36 36
627610 644675.74 745520.58 ‐81649 5 4 267 57 29 29
627610 644675.74 745520.58 ‐73340 5 4 267 57 30 30
627610 644675.74 745520.58 ‐63143 5 4 267 57 31 31
627610 644675.74 745520.58 ‐76256 5 4 267 57 32 32
627610 644675.74 745520.58 ‐59818 5 4 267 57 33 33
627610 644675.74 745520.58 ‐57595 5 4 267 57 34 34
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627610 644675.74 745520.58 ‐52739 5 4 267 57 35 35
627610 644675.74 745520.58 ‐52739 5 4 267 57 36 36
627611 656502.31 744872.22 ‐97476 8 4 280 482 29 29
627611 656502.31 744872.22 ‐81103 8 4 280 482 30 30
627611 656502.31 744872.22 ‐57934 8 4 280 482 31 31
627611 656502.31 744872.22 ‐58072 8 4 280 482 32 32
627611 656502.31 744872.22 ‐33631 8 4 280 482 33 33
627611 656502.31 744872.22 ‐45913 8 4 280 482 34 34
627611 656502.31 744872.22 ‐35394 8 4 280 482 35 35
627611 656502.31 744872.22 ‐35394 8 4 280 482 36 36
627613 654884.22 749163.92 ‐119 6 4 100 476 29 29
627613 654884.22 749163.92 ‐119 6 4 100 476 30 30
627613 654884.22 749163.92 ‐1 6 4 100 476 31 31
627613 654884.22 749163.92 ‐105 6 4 100 476 32 32
627613 654884.22 749163.92 ‐21 6 4 100 476 33 33
627613 654884.22 749163.92 ‐37 6 4 100 476 34 34
627613 654884.22 749163.92 ‐225 6 4 100 476 35 35
627613 654884.22 749163.92 ‐225 6 4 100 476 36 36
627614 653870.38 746194.82 ‐107 7 4 222 469 29 29
627614 653870.38 746194.82 ‐129 7 4 222 469 30 30
627614 653870.38 746194.82 ‐186 7 4 222 469 31 31
627614 653870.38 746194.82 0 7 4 222 469 32 32
627614 653870.38 746194.82 ‐38 7 4 222 469 33 33
627614 653870.38 746194.82 ‐104 7 4 222 469 34 34
627614 653870.38 746194.82 ‐372 7 4 222 469 35 35
627614 653870.38 746194.82 ‐372 7 4 222 469 36 36
627615 641329.75 758073.98 ‐1840 5 4 27 38 29 29
627615 641329.75 758073.98 ‐1351 5 4 27 38 30 30
627615 641329.75 758073.98 ‐5077 5 4 27 38 31 31
627615 641329.75 758073.98 ‐3797 5 4 27 38 32 32
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627615 641329.75 758073.98 ‐10626 5 4 27 38 33 33
627615 641329.75 758073.98 ‐6769 5 4 27 38 34 34
627615 641329.75 758073.98 ‐19512 5 4 27 38 35 35
627615 641329.75 758073.98 ‐19512 5 4 27 38 36 36
627617 640735.42 745512.45 ‐70834 5 4 267 36 29 29
627617 640735.42 745512.45 ‐73705 5 4 267 36 30 30
627617 640735.42 745512.45 ‐51790 5 4 267 36 31 31
627617 640735.42 745512.45 ‐75235 5 4 267 36 32 32
627617 640735.42 745512.45 ‐43504 5 4 267 36 33 33
627617 640735.42 745512.45 ‐41504 5 4 267 36 34 34
627617 640735.42 745512.45 ‐39302 5 4 267 36 35 35
627617 640735.42 745512.45 ‐39302 5 4 267 36 36 36
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Executive Summary 
 
 
Florence Copper, Inc. (Florence Copper) has constructed the Production Test Facility (PTF) to 
demonstrate In‐Situ Copper Recovery at the Florence Copper Project site in Florence, Arizona.  This PTF 
Pre‐Operational Report summarizes the details of the pre‐operational requirements required under the 
site permits including the United States Environmental Protection Agency (USEPA) Underground 
Injection Control Permit No. R9‐AZ3‐FY11‐1 (UIC Permit) and the Arizona Department of Environmental 
Quality (ADEQ) Temporary Aquifer Protection Permit (APP) No. 106360.   
 
Formation testing completed at the site conformed to requirements of both the UIC Permit and the APP.  
Results of the testing and the porosity data supported the parameters used in the site model. 
 
Wells and coreholes existing within the Area of Review (AOR) of the PTF were abandoned as required in 
the UIC Permit and APP.  All wells and coreholes were sealed using more than the calculated volume and 
were perforated across lithologic intervals as required in the permits. 
 
Once construction and equipping of the PTF was complete, a demonstration of the hydraulic capture 
and cone of depression was completed by injecting and recovering clean water.  Hydraulic capture was 
demonstrated by the drawdown at each PTF recovery well exceeding the drawdown at its adjacent PTF 
observation well by more than 1 foot.  To demonstrate the cone of depression, water level elevations 
were observed at the edge of the APP Pollutant Management Area (PMA) at monitoring well M54‐O, a 
distance of approximately 500 feet from the wellfield during the recovery and injection period.  The 
water level elevation at downgradient monitoring well M54‐O was higher than the elevation at both 
downgradient observation wells. 
 
Ambient mine block water quality data was collected form all PTF mine block wells and initial discharge 
characterization was completed at the underground workings at the site; results are summarized in this 
report. 
 
Bulk electrical conductivity sensors were installed on all PTF observation wells and background electrical 
conductivity data was collected at the site.  Statistical analysis of the data was completed and alert 
levels for the electrical conductivity sensors are proposed to monitor for excursion of mining solutions 
into the Lower Basin Fill Unit. 
 
All PTF wellfield wells and monitoring wells associated with the PTF that were completed within the AOR 
were completed in accordance with the Class III well requirements.  Wells located outside the AOR were 
completed as designed.  Class III wells were drilled, constructed, and tested in accordance with the 
construction procedures included in the UIC Permit.  The only deviations from the well design were: 

 PTF Observation Well O‐05.  During grouting of the well, the contractor lost power to the rig and 
grout pump and was unable to install the grout in one continuous lift.  After installation, the 
cement interval was evaluated and deemed to be insufficient.  The well was abandoned by 
perforating across the compromised grout zone and replaced approximately 20 feet away.  The 
replacement well O‐05B was built in accordance with the construction procedures included in 
the UIC Permit. 

 PTF Injection Well I‐03.  During development, a pipe separated and compromised the endcap of 
the well.  No other damage was identified, but a sand‐filled rubber plug was installed to 
approximately 1,130 feet.  
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 Recovery Well R‐06.  Grout intruded into the screened zone during installation of the grout seal.  
The mechanical integrity of the well was evaluated to ensure the grout lost into the well did not 
compromise the seal; the integrity was confirmed by both Standard Annular Pressure Testing 
and geophysical logging inspections.  During efforts to remove the grout from the well, the 
screen was compromised.  In order to ensure the stability of the well, the well was equipped 
with a 3‐inch liner from 570 feet to the total depth that could be achieved after the cleanout 
(1,090 feet).   

 
All PTF wellfield wells passed standard annular pressure tests to evaluate the mechanical integrity of the 
wells.  Further details are provided in Appendices E through J.   
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1. Introduction 
 
This report has been prepared in accordance with Pre‐Operational requirements set forth in Section 
2.7.4.3 of Aquifer Protection Permit (APP) No. P‐106360 (APP) and to transmit Production Test Facility 
(PTF) wellfield completion data to the United States Environmental Protection Agency (USEPA) in 
accordance with requirements of Part II of the Underground Injection Control Permit No. R9UIC‐AZ3‐
FY11‐1 (UIC Permit).   
 
 
2. Aquifer Testing 
 
Aquifer testing and injection testing was completed in accordance with Section 2.2.3 of the APP, as well 
as Part II.C.8 of the UIC Permit.  The results of the testing are summarized in the Formation Testing 
Report, Production Test Facility.  The report is provided as Appendix A of this report for reference but 
was previously submitted to both the Arizona Department of Environmental Quality (ADEQ) and the 
USEPA.  Data and analysis generated during aquifer testing were compared to those included in the 
groundwater model that was prepared in support of the permit applications.  Aquifer testing and 
geophysical logging produced site‐specific hydraulic conductivity and porosity values.  The groundwater 
flow model was created using values derived from testing on the Florence Copper property, but at 
locations other than the PTF well field.  This testing showed that the hydraulic conductivity and porosity 
values used in the groundwater flow model are representative of site‐specific values measured at the 
PTF site.  Consequently, no changes to the existing groundwater model are necessary at this time based 
on results of the formation testing.    
 
2.1 NEUTRON POROSITY EVALUATION 
 
Neutron logging was conducted in the boreholes for wells R‐01, I‐01, I‐02, I‐03, and I‐04 in the PTF 
wellfield in accordance with Part II.C.2 of the UIC Permit.  Porosity values were calculated from the 
neutron‐density data by the geophysical contractor that conducted the testing (Southwest Exploration 
LLC).  The porosity values calculated from the compensated neutron‐density data and the porosity 
values used in the groundwater flow model are shown in Table 1.   
 
The porosity values applied in the groundwater flow model are comparable to the average of the 
measured porosity values using neutron logging.  The porosity values applied in the model for the 
bedrock oxide unit model layers range from 5 to 8 percent and are representative of the oxide unit 
porosity values calculated from neutron data.  
 
The calculated porosity values for the bedrock oxide unit are very close to those used in the model 
based on data collected at other locations on the project site in the 1990s.  The porosity values 
calculated for the alluvial units however were slightly lower but still representative of values determined 
by previous site‐wide testing.  This variation between the calculated neutron porosity and the value 
used in the model is the result of conditions under which the data was collected.  The neutron‐density 
logging tool is designed to be operated in a borehole with a nominal diameter of 8 to 10 inches.  
However, the upper portion of the boreholes logged for neutron‐density are 20 inches in diameter.  
Operating the tool outside of the design parameters likely dissipated a portion of the signal which could 
cause the values to be lower than actual values in the formation.  The lower portion of the boreholes 
logged (below 500 feet) that is the majority of the bedrock interval is 12¼‐inch in diameter, which is 
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closer to the conditions in which the tool is designed to operate.  The resulting calculated porosity 
values align very closely with those used in the model.   
 
During aquifer testing, a spinner‐flowmeter survey was run in well R‐01.  The correlation between the 
calculated flow contribution from various depth intervals under pumping conditions and the vertical 
porosity profile measured by neutron logging was evaluated to establish the relationship between 
porosity and observed flow.  As shown in Figure 1, the depth intervals that contribute a larger 
percentage of the groundwater flow to the well under the pumping conditions do not necessarily 
coincide with the higher porosity intervals.  This indicates that the vertical porosity profile calculated for 
the formation from compensated neutron‐density data is not likely to be a useful tool to identify 
intervals that are relatively more permeable in the bedrock oxide unit at the site. 
 
 
3. Well Abandonment  
 
The PTF Well and Corehole Abandonment Report prepared by Haley & Aldrich and dated 13 September 
2018 is provided as Appendix B.  
 
 
4. Inward Hydraulic Gradient Demonstration 
 
Florence Copper operated the PTF wellfield from 27 to 31 August 2018 to establish a cone of depression 
under injection conditions to demonstrate hydraulic control could be established at the PTF.  Injection 
was conducted with clean formation water; no lixiviant or additives were included in the injected water.  
The recovery wells were turned on at 10:30 AM on 27 August 2018 and extraction rates were adjusted.  
Injection commenced at the injection wells at 11:55 AM on 27 August 2018.  The water extracted from 
the recovery wells was pumped to the process area through the pipeline and back to the wellfield using 
the constructed facilities.  Flow rates were adjusted during the first day of the test.  After the first 
24 hours, the wellfield was extracting at rates ranging from 264 to 268 gallons per minute (gpm), and 
injecting at rates ranging from 181 to 223 gpm.    
 
A contour map was generated using data collected during the afternoon of 30 August 2018, 
approximately 3 days after pumping and injection commenced.  The contours reflect a period when the 
extraction rate was 267 gpm and the injection rate averaged 209 gpm.  The over‐pumping equates to 
127 percent of the injection rate; a contour map is provided in Figure 2. 
 
The contour map shows that a cone of depression was established around the PTF, with groundwater 
flowing into the wellfield from all directions.  In addition, the water levels at each of the observation 
wells met the minimum 1‐foot differential requirement.  A summary of water levels and differential for 
each recovery/observation well pair is included as Table 2.   
 
4.1 ESTABLISHMENT OF THE CONE OF DEPRESSION 
 
Section 2.2.2.f of the APP requires the demonstration of a cone of a depression by confirmation of a 
higher water level elevation at the edge of the Pollutant Management Area (PMA), as defined by the 
APP, than at the downgradient PTF observation well.  Table 3 summarizes water level elevations at the 
two PTF observation wells and downgradient monitoring wells in the bedrock oxide unit out to well 
M54‐O located outside of the PMA.  During the hydraulic connection test, water level elevations were 
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collected at downgradient monitoring wells MW‐01‐O and M54‐O.  Both demonstrated higher water 
level elevations than the PTF observation wells located on the downgradient side of the wellfield, wells 
O‐07 and O‐06.  The water levels at these wells are summarized in Table 4.   
 
 
5. Ambient Mine Block Groundwater Concentrations and Initial Discharge 

Characterization of the Underground Workings 
 
Results of the ambient groundwater characterization of the PTF mine block and the results of the initial 
discharge characterization of the underground workings are included in the memorandum titled PTF 
Mine Block Ambient Groundwater Concentrations and Initial Discharge Characterization of the 
Underground Workings, prepared by Brown and Caldwell and provided as Appendix C to this report. 
 
 
6. Ambient LBFU Bulk Electrical Conductivity Results 
 
The results of the Ambient Bulk Electrical Conductivity ambient monitoring and proposed alert levels are 
included in the report titled Procedures for Determining Bulk Electrical Conductivity Levels, Production 
Test Facility prepared by Haley & Aldrich.  This report is provided as Appendix D of this report, and was 
previously submitted to both the ADEQ and the USEPA.   
 
 
7. Well Installation Details for All PTF Wellfield and Monitoring Wells 
 
Technical Memorandums summarizing the drilling and installation for each of the PTF wellfield and 
monitoring wells are included in the following appendices: 

 Appendix E, Point‐of‐Compliance Wells; 

 Appendix F, PTF Supplemental Monitoring Wells;  

 Appendix G, PTF Operational Monitoring Wells; 

 Appendix H, PTF Injection and Recovery Wells; 

 Appendix I, PTF Westbay Wells; and 

 Appendix J, PTF Observation Wells. 
 
The Technical Memorandums for all Class III wells include USEPA form 7520‐9 and supporting 
documentation including results of the demonstration for mechanical integrity.   
 
 
8. Closing 
 
This report conforms to requirements describing a PTF Pre‐Operational Report set forth in Section 2.7.3 
of the APP.  The content also conforms to requirements of the UIC Permit set forth in Part II.C.1(b), 
Part II.C.3, Part II.C.9(a), Part II.C.9(b), and Part II.G.4. 
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TABLE 1  
COMPARISON BETWEEN MODELED POROSITY AND  
AVERAGE POROSITY MEASURED BY NEUTRON LOGGING 
FLORENCE COPPER INC. 
FLORENCE, ARIZONA 
 
 
 

Model Layer or Unit  Range of Modeled  
Porosity Values 

Average Porosity Measured by 
Neutron Logging 

(I‐01, I‐02, I‐03, I‐04, and R‐01) 
Model Layers 1 and 2 (UBFU)   0.13 ‐ 0.2  0.12 

Model Layer 3 (MFGU/UBFU)  0.15 ‐ 0.2  0.12 

Model Layer 4 and 5 (LBFU)  0.2  0.12 

Model Layers 6‐10 (Bedrock Oxide)   
0.08 for Model Layers 6‐8 
0.05 for Model Layers 9‐10 

0.08 

Notes:  
LBFU = Lower Basin Fill Unit 

MFGU = Middle Fine‐Grained Unit 

UBFU = Upper Basin Fill Unit 
 



TABLE 2
RECOVERY AND OBSERVATION WELL
PAIRS WATER LEVEL DIFFERENTIAL
FLORENCE COPPER INC.
FLORENCE, ARIZONA

Outer Recovery 
Well ID Date/Time

Water Level 
Elevation 
(feet amsl)

Paired 
Observation 

Well ID Date/Time

Water Level 
Elevation 
(feet amsl)

Water Level 
Differential 

(feet)
R‐01 8/30/2018 15:58 1231.68 O‐07 8/30/2018 16:49 1235.98 4.3
R‐01 8/30/2018 15:58 1231.68 O‐01 8/30/2018 15:36 1235.35 3.67
R‐02 8/30/2018 16:06 1229.22 O‐01 8/30/2018 15:36 1235.35 6.13
R‐02 8/30/2018 16:06 1229.22 O‐02 8/30/2018 16:03 1235.06 5.84
R‐03 8/30/2018 16:12 1223.10 O‐02 8/30/2018 16:03 1235.06 11.96
R‐03 8/30/2018 16:12 1223.10 O‐03 8/30/2018 16:12 1233.45 10.35
R‐04 8/30/2018 16:19 1226.13 O‐03 8/30/2018 16:12 1233.45 7.32
R‐05 8/30/2018 16:25 1224.05 O‐04 8/30/2018 16:25 1235.57 11.52
R‐06 8/30/2018 16:32 1225.72 O‐04 8/30/2018 16:25 1235.57 9.85
R‐06 8/30/2018 16:32 1225.72 O‐05 8/30/2018 16:37 1235.27 9.55
R‐07 8/30/2018 16:43 1233.41 O‐05 8/30/2018 16:37 1235.27 1.86
R‐07 8/30/2018 16:43 1233.41 O‐06 8/30/2018 16:44 1235.58 2.17
R‐08 8/30/2018 16:49 1232.32 O‐06 8/30/2018 16:44 1235.58 3.26
R‐08 8/30/2018 16:49 1232.32 O‐07 8/30/2018 16:49 1235.98 3.66

Note:

amsl ‐ above mean sea level

September 2018



TABLE 3
PTF WELL COMPLETION SUMMARY
FLORENCE COPPER INC.
FLORENCE, ARIZONA

Page 1 of 2

Start End
Northing 
(NAD83)

Easting 
(NAD83)

Ground Surface 
Elevation 
(NAVD88)

Measuring Point Elevation/Top of 
Casing Elevation for POC & 
Monitoring Wells (NAVD88)

Outside 
(in.)

Inside 
(in.)

Outside 
(in.)

Inside 
(in.)

Unit
Bottom of 
Unit Depth 
(ft bgs)

Bottom of Unit 
Elevation 
(ft‐amsl)

POINT OF COMPLIANCE WELLS
Upper Basin Fill ‐‐‐ ‐‐‐

Upper Basin Fill 287 1,193
Middle Fine‐Grained Unit 300 1,180

Lower Basin Fill Unit ‐‐‐ ‐‐‐

Upper Basin Fill 286 1,194
Middle Fine‐Grained Unit 300 1,180

Lower Basin Fill Unit 740 740
Bedrock Oxide Unit ‐‐‐ ‐‐‐

OPERATIONAL MONITORING WELLS
Upper Basin Fill 280 1,199

Middle Fine‐Grained Unit 299 1,180
Lower Basin Fill Unit ‐‐‐ ‐‐‐

Upper Basin Fill 281 1,198
Middle Fine‐Grained Unit 297 1,182

Lower Basin Fill Unit 445 1,034
Bedrock Oxide Unit ‐‐‐ ‐‐‐

SUPPLEMENTAL MONITORING WELLS
Upper Basin Fill ‐‐‐ ‐‐‐

Upper Basin Fill 282 1,195
Middle Fine‐Grained Unit 302 1,175

Lower Basin Fill Unit ‐‐‐ ‐‐‐

Upper Basin Fill 283 1,194
Middle Fine‐Grained Unit 302 1,175

Lower Basin Fill Unit 545 932
Bedrock Oxide Unit ‐‐‐ ‐‐‐

Upper Basin Fill 285 1,194
Middle Fine‐Grained Unit 300 1,179

Lower Basin Fill Unit 530 949
Bedrock Oxide Unit ‐‐‐ ‐‐‐

Upper Basin Fill 285 1,194
Middle Fine‐Grained Unit 305 1,174

Lower Basin Fill Unit 465 1,014
Bedrock Oxide Unit ‐‐‐ ‐‐‐

Upper Basin Fill 290 1,185
Middle Fine‐Grained Unit 310 1,165

Lower Basin Fill Unit 380 1,095
Bedrock Oxide Unit ‐‐‐ ‐‐‐

Upper Basin Fill 282 1,197
Middle Fine‐Grained Unit 305 1,174

Lower Basin Fill Unit 615 864
Bedrock Oxide Unit ‐‐‐ ‐‐‐

OBSERVATION WELLS
Upper Basin Fill 280 1,201

Middle Fine‐Grained Unit 300 1,181
Lower Basin Fill Unit 440 1,041

Bedrock Exclusion Zone 480 1,001
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 281 1,198

Middle Fine‐Grained Unit 300 1,179
Lower Basin Fill Unit 430 1,049

Bedrock Exclusion Zone 470 1,009
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 282 1,197

Middle Fine‐Grained Unit 302 1,177
Lower Basin Fill Unit 385 1,094

Bedrock Exclusion Zone 425 1,054
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 280 1,198

Middle Fine‐Grained Unit 302 1,176
Lower Basin Fill Unit 390 1,088

Bedrock Exclusion Zone 430 1,048
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 282 1,197

Middle Fine‐Grained Unit 303 1,176
Lower Basin Fill Unit 384 1,095

Bedrock Exclusion Zone 424 1,055
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 278 1,201

Middle Fine‐Grained Unit 298 1,181
Lower Basin Fill Unit 365 1,114

Bedrock Exclusion Zone 405 1,074
Bedrock Oxide Unit ‐‐‐ ‐‐‐
Upper Basin Fill 284 1,195

Middle Fine‐Grained Unit 301 1,178
Lower Basin Fill Unit 380 1,099

Bedrock Exclusion Zone 420 1,059
Bedrock Oxide Unit ‐‐‐ ‐‐‐

500 1,200 Mild Steel  5.66 5.05 Schedule 80 PVC 0.020 5.56 4.81‐‐‐ 1,210 1,200 0 480 480 490 490 1,210MW‐01‐O 55‐226793 11/20/2017 12/14/2017 12/27/2017 Operational Monitoring D (4‐9) 28 CBD 746369.31 847499.04

330 440 Mild Steel  5.66 5.05 Schedule 80 PVC  0.020 5.56 4.81‐‐‐ 444 440 0 310 310 320 320 444MW‐01‐LBF 55‐226789 11/21/2017 12/19/2017 12/29/2017 Operational Monitoring D (4‐9) 28 CBD 746360.54 847487.97

4.771,224 501 1,201 Fiberglass Reinforced Plastic 5.47 4.74 Schedule 80 PVC  0.020 5.56

Fiberglass Reinforced Plastic 5.47 4.74 Schedule 80 PVC  0.020 5.56 4.77

O‐02 55‐227231 2/22/2018 3/7/2018 3/25/2018 Class III Observation D (4‐9) 28 CAC 746202.32 847836.29 ‐‐‐ 1,224 1,201 0 478 478 488 488

O‐01 55‐227230 2/19/2018 3/3/2018 3/26/2018 Class III Observation D (4‐9) 28 CAC 746272.70 847765.50

1,220

1,210

Bottom Bentonite & Sand Seal 
Interval

(Intermediate Sand Seal 
Intervals for Recovery, 

Injection, Westbay Wells) 
(ft bgs)

197

300

659 1,210

272

352

1,210

1,213

1,213

1,213

646

1,208

1,201

1,198

0.020

Fiberglass Reinforced Plastic

5.56

Schedule 80 PVC 

429

428

Bottom 
Screened 
Interval 
(ft bgs)

274

629

439

437

Bottom Filter 
Pack Interval 

(ft bgs)

280

640

261

340

1,200

1,200

1,200

230

310

515

584

524

Bottom 
Cement 
Interval 
(ft bgs)

187

285

649

D (4‐9) 28 CBD 746595.97 847672.23

4/13/2017 4/14/2017 5/1/2017

3/3/2017 3/10/2017 4/3/2017

3/11/2017 3/19/2017 4/17/2017

5.56 4.81

5.56 4.811,201 4440 415

420 Mild Steel  5.66 5.05630 4290 410

5.66 5.05 Schedule 80 PVC  0.020435 Mild Steel 

Schedule 80 PVC  0.020M61‐LBF 55‐226799
Class III Supplemental 

Monitoring
D (4‐9) 28 CAC 746148.88 848184.46 1,478.91 646

1,475.46 1,2133/30/2017 4/9/2017M60‐O 55‐226796
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 745903.70 847599.37 1,477.36

1,480.78

4/10/2017

4/24/2017

4.81

M59‐O 55‐226791
Class III Supplemental 

Monitoring
D (4‐9) 28 CAC 746218.89 847934.95 1,478.55 1,213 1,200

584 Mild Steel  5.66 5.05 Schedule 80 PVC  0.020
Class III Supplemental 

Monitoring

4.815.66 5.05

415

5631,479.48 1,213

524 Mild Steel 

847518.70

5.66

5340 512

1,200 5940 563

297

504

5121,480.19

4.81

5.56 4.81

847378.37 1,476.77 1,210

310 Mild Steel  5.66 5.05 Schedule 80 PVC 0.020

1,200 5230 504 515 Mild Steel  5.05 Schedule 80 PVC  0.020 5.56

M56‐LBF 55‐226795
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746303.41

2400 216 230

352 3401,477.32 3200 297

2164/10/2017 4/12/2017 5/2/2017

1,480.20 1,210 1,199 668M54‐O 55‐226798

5.05 Schedule 80 PVC  4.81Mild Steel  5.66

1/29/2017 2/6/2017 5/15/2017

M55‐UBF 55‐226797
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746280.63 847541.46 1,478.00 272 261

5.56

M52‐UBF 55‐226788 Point‐of‐Compliance D (4‐9) 28 DAA 774178.00 Schedule 80 PVC 

O‐05B 55‐227234

851092.00

Point‐of‐Compliance D (4‐9) 28 CBD 746702.36 847342.99

M54‐LBF 55‐226792 Point‐of‐Compliance D (4‐9) 28 CBA

1,201 4500 430 440

1,483.43 280

O‐07 55‐227236 Class III Observation D (4‐9) 28 CBD 746270.61 847623.88

M58‐O 55‐226794

M57‐O 55‐226790
Class III Supplemental 

Monitoring
D (4‐9) 28 CBD 746248.93

O‐03 55‐227232 D (4‐9) 28 CACClass III Observation 746053.02 847831.43

4/15/2017 4/19/2017 5/8/2017

3/21/2017 3/28/2017

1,198 4460 428 4375/8/2017 5/20/2017

Class III Observation D (4‐9) 28 CBD 746042.91 847534.95 439‐‐‐ 1,220 1,201 4500 429

‐‐‐ 1,2106/1/2017

6/9/2017 6/19/2017 6/28/2017

‐‐‐ 1,2084/27/2017 5/7/2017 5/22/2017 1,201440

1,201

630

435

420410

430

‐‐‐ 1,220 1,201 0 485 485 493 493 1,220 500 1,201

0.020 5.56

746682.61 847331.96 1,480.18 640

1971/26/2017 1/27/2017 2/14/2017

2/8/2017 2/12/2017 2/15/2017 629 0 285 300

274 0 187 198

0.020 5.56

1,199

Well ID

Unit Contacts
Top 

Screened 
Interval 
(ft bgs)

Well Depth 
(ft bgs)

Borehole Depth 
(ft bgs)

Cadastral LocationWell TypeWell Registry ID
Well Development 
Completion Date

Well Drilling and Construction 
Timeline

Casing Diameter Screen Diameter

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 
Interval 
(ft bgs)

Top Filter 
Pack Interval 

(ft bgs)

Top Bentonite & Sand Seal 
Interval

(Intermediate Sand Seal 
Intervals for Recovery, 

Injection, Westbay Wells) 
(ft bgs)

Survey Data (State Plane)

5.56 4.81Schedule 80 PVC  5.56 4.81

0 649

5.56 4.81310 Mild Steel  5.66 5.05 Schedule 80 PVC 0.020

4.81659 Mild Steel  5.66 5.05 Schedule 80 PVC  0.020

4.77

4.77

5.47 4.74 Schedule 80 PVC  0.020 5.56 4.77Fiberglass Reinforced Plastic

5.47 4.74 Schedule 80 PVC  0.020 5.56

5.56Fiberglass Reinforced Plastic 5.47 4.74 Schedule 80 PVC  0.020

Schedule 80 PVC  0.020 5.56 4.77

O‐04 55‐2527233 1/4/2018 1/20/2018 3/5/2018 Class III Observation D (4‐9) 28 CBD 745988.60 847624.06 ‐‐‐ 1,208 1,200 0 473 473 485 485 1,208 498 1,200 Fiberglass Reinforced Plastic 5.47 4.74 Schedule 80 PVC  0.020 5.56 4.77

O‐06 55‐227235 1/22/2018 2/9/2018 3/2/2018 Class III Observation D (4‐9) 28 CBD 746201.82 847553.01 ‐‐‐ 1,220 1,201 0 474 474 490 490 1,220 499 1,201 Fiberglass Reinforced Plastic 5.47 4.74

1,485.04

1,481.92

1,482.42

1,478.99

1,479.14

1,479.14

1,478.65

1,478.71

1,481.08

1,481.08

1,479.36

1,478.83

1,478.05

1,478.57

1,479.16

1,479.13

September 2018



TABLE 3
PTF WELL COMPLETION SUMMARY
FLORENCE COPPER INC.
FLORENCE, ARIZONA

Page 2 of 2

Start End
Northing 
(NAD83)

Easting 
(NAD83)

Ground Surface 
Elevation 
(NAVD88)

Measuring Point Elevation/Top of 
Casing Elevation for POC & 
Monitoring Wells (NAVD88)

Outside 
(in.)

Inside 
(in.)

Outside 
(in.)

Inside 
(in.)

Unit
Bottom of 
Unit Depth 
(ft bgs)

Bottom of Unit 
Elevation 
(ft‐amsl)

Bottom Bentonite & Sand Seal 
Interval

(Intermediate Sand Seal 
Intervals for Recovery, 

Injection, Westbay Wells) 
(ft bgs)

Bottom 
Screened 
Interval 
(ft bgs)

Bottom Filter 
Pack Interval 

(ft bgs)

Bottom 
Cement 
Interval 
(ft bgs)

Well ID

Unit Contacts
Top 

Screened 
Interval 
(ft bgs)

Well Depth 
(ft bgs)

Borehole Depth 
(ft bgs)

Cadastral LocationWell TypeWell Registry ID
Well Development 
Completion Date

Well Drilling and Construction 
Timeline

Casing Diameter Screen Diameter

Screen Slot Size 
(in.)

Screen TypeCasing Type
Top Cement 
Interval 
(ft bgs)

Top Filter 
Pack Interval 

(ft bgs)

Top Bentonite & Sand Seal 
Interval

(Intermediate Sand Seal 
Intervals for Recovery, 

Injection, Westbay Wells) 
(ft bgs)

Survey Data (State Plane)

RECOVERY WELLS
499 511 511 645 521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47 4.74 Upper Basin Fill 283 1,199
645 658 658 888 663 883 Stainless steel (641 ‐ 663)  5.56 5.05 Middle Fine‐Grained Unit 302 1,180
888 900 900 1,220 905 1,205 Stainless steel  (883 ‐ 905) 5.56 5.05 Lower Basin Fill Unit 414 1,068

Bedrock Exclusion Zone 454 1,028
Bedrock Oxide Unit ‐‐‐ ‐‐‐

496 517 517 646 521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47 4.74 Upper Basin Fill 283 1,199
646 656 656 881 661 881 Schedule 80 PVC blank (641 ‐ 661) 5.56 4.81 Middle Fine‐Grained Unit 302 1,180
881 901 901 1,225 901 1,202 Schedule 80 PVC blank (881 ‐ 901) 5.56 4.81 Lower Basin Fill Unit 400 1,082

Bedrock Exclusion Zone 440 1,042
Bedrock Oxide Unit ‐‐‐ ‐‐‐

494 511 511 644 522 642 Fiberglass Reinforced Plastic (0 ‐ 522) 5.47 4.74 Upper Basin Fill 281 1,201
644 657 657 886 662 882 Schedule 80 PVC blank (642 ‐ 662) 5.56 4.81 Middle Fine‐Grained Unit 302 1,180
886 897 897 1,225 902 1,202 Schedule 80 PVC blank (882 ‐ 902) 5.56 4.81 Lower Basin Fill Unit 422 1,060

Bedrock Exclusion Zone 462 1,020
Bedrock Oxide Unit ‐‐‐ ‐‐‐

488 500 500 645 520 640 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47 4.74 Upper Basin Fill 280 1,202
645 658 658 1,225 660 880 Schedule 80 PVC blank (640 ‐ 660) 5.56 4.81 Middle Fine‐Grained Unit 302 1,180

900 1,201 Schedule 80 PVC blank (880 ‐ 900) 5.56 4.81 Lower Basin Fill Unit 375 1,107
Bedrock Exclusion Zone 415 1,067
Bedrock Oxide Unit ‐‐‐ ‐‐‐

493 509 509 646 521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47 4.74 Upper Basin Fill 279 1,201
646 656 656 883 661 881 Schedule 80 PVC blank (641 ‐ 661) 5.56 4.81 Middle Fine‐Grained Unit 302 1,178
883 895 895 1,223 901 1,202 Schedule 80 PVC blank (881 ‐ 901) 5.56 4.81 Lower Basin Fill Unit 380 1,100

Bedrock Exclusion Zone 420 1,060
Bedrock Oxide Unit ‐‐‐ ‐‐‐

500 514 514 648 519 640 Fiberglass Reinforced Plastic (0 ‐ 519) 5.47 4.74 Upper Basin Fill 280 1,202
648 658 658 886 660 879 Schedule 80 PVC blank (640 ‐ 660) 5.56 4.81 Middle Fine‐Grained Unit 301 1,181
886 896 896 1,210 900 1,200 Schedule 80 PVC blank (879 ‐ 900) 5.56 4.81 Lower Basin Fill Unit 380 1,102

Bedrock Exclusion Zone 420 1,062
Bedrock Oxide Unit ‐‐‐ ‐‐‐

505 518 518 648 523 643 Fiberglass Reinforced Plastic (0 ‐ 523) 5.47 4.74 Upper Basin Fill 281 1,200
648 659 659 889 663 884 Schedule 80 PVC blank (643 ‐ 663) 5.56 4.81 Middle Fine‐Grained Unit 301 1,180
889 896 896 1,244 904 1,204 Schedule 80 PVC blank (884 ‐ 904) 5.56 4.81 Lower Basin Fill Unit 370 1,111

Bedrock Exclusion Zone 410 1,071
Bedrock Oxide Unit ‐‐‐ ‐‐‐

497 510 510 648 524 644 Fiberglass Reinforced Plastic (0 ‐ 524) 5.47 4.74 Upper Basin Fill 283 1,198
648 658 658 886 665 885 Schedule 80 PVC blank (644 ‐ 665) 5.56 4.81 Middle Fine‐Grained Unit 302 1,179
886 896 896 1,225 905 1,205 Schedule 80 PVC blank (885 ‐ 905) 5.56 4.81 Lower Basin Fill Unit 365 1,116

Bedrock Exclusion Zone 405 1,076
Bedrock Oxide Unit ‐‐‐ ‐‐‐

501 509 509 662 520 658 Fiberglass Reinforced Plastic (0 ‐ 520) 8.46 7.74 Upper Basin Fill 283 1,198
662 671 671 895 676 892 Stainless steel (658 ‐ 676) 8.63 7.99 Middle Fine‐Grained Unit 301 1,180
895 906 906 1,236 911 1,205 Stainless steel (892 ‐ 911) 8.63 7.99 Lower Basin Fill Unit 378 1,103

Bedrock Exclusion Zone 418 1,063
Bedrock Oxide Unit ‐‐‐ ‐‐‐

INJECTION WELLS
490 510 510 646 521 642 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47 4.74 Upper Basin Fill 283 1,200
646 656 656 887 661 881 Stainless steel (642 ‐ 661)  5.56 5.47 Middle Fine‐Grained Unit 300 1,183
887 897 897 1,235 901 1,201 Stainless steel  (881 ‐ 901) 5.56 5.47 Lower Basin Fill Unit 378 1,105

Bedrock Exclusion Zone 418 1,065
Bedrock Oxide Unit ‐‐‐ ‐‐‐

490 506 506 645 520 641 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47 4.74 Upper Basin Fill 280 1,203
645 656 656 886 660 881 Stainless steel (641 ‐ 660) 5.56 5.47 Middle Fine‐Grained Unit 300 1,183
886 896 896 1,219 900 1,201 Stainless steel (881 ‐ 900) 5.56 5.47 Lower Basin Fill Unit 380 1,103

Bedrock Exclusion Zone 420 1,063
Bedrock Oxide Unit ‐‐‐ ‐‐‐

490 509 509 645 521 641 Fiberglass Reinforced Plastic (0 ‐ 521) 5.47 4.74 Upper Basin Fill 281 1,200
645 655 655 883 660 880 Stainless steel (641 ‐ 660) 5.56 5.47 Middle Fine‐Grained Unit 302 1,179
883 895 895 1,225 900 1,200 Stainless steel (880 ‐ 900) 5.56 5.47 Lower Basin Fill Unit 385 1,096

Bedrock Exclusion Zone 425 1,056
Bedrock Oxide Unit ‐‐‐ ‐‐‐

488 505 505 646 520 640 Fiberglass Reinforced Plastic (0 ‐ 520) 5.47 4.74 Upper Basin Fill 280 1,202
646 654 654 882 659 879 Stainless steel (640 ‐ 659)  5.56 5.47 Middle Fine‐Grained Unit 300 1,182
882 894 894 1,225 899 1,199 Stainless steel (879 ‐ 899) 5.56 5.47 Lower Basin Fill Unit 365 1,117

Bedrock Exclusion Zone 405 1,077
Bedrock Oxide Unit ‐‐‐ ‐‐‐

WESTBAY WELLS
474 498 498 589 562 572 Fiberglass Reinforced Plastic (0 ‐ 497) 4.5 3.75 Upper Basin Fill 282 1,197
589 663 663 727 702 712 Middle Fine‐Grained Unit 302 1,177
727 827 827 858 843 853 Lower Basin Fill Unit 377 1,102
858 968 968 1,005 983 993 Bedrock Exclusion Zone 417 1,062
1,005 1,104 1,104 1,203 1,123 1,133 Bedrock Oxide Unit ‐‐‐ ‐‐‐
484 500 500 584 563 574 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5 3.75 Upper Basin Fill 283 1,196
584 683 683 710 704 714 Middle Fine‐Grained Unit 300 1,179
710 824 824 857 844 854 Lower Basin Fill Unit 385 1,094
857 968 968 1,005 984 994 Bedrock Exclusion Zone 425 1,054
1,005 1,114 1,114 1,204 1,124 1,134 Bedrock Oxide Unit ‐‐‐ ‐‐‐
489 501 501 582 563 573 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5 3.75 Upper Basin Fill 280 1,199
582 665 665 721 703 713 Middle Fine‐Grained Unit 300 1,179
721 823 823 864 843 853 Lower Basin Fill Unit 385 1,094
864 953 953 1,010 984 994 Bedrock Exclusion Zone 425 1,054
1,010 1,088 1,088 1,220 1,124 1,134 Bedrock Oxide Unit ‐‐‐ ‐‐‐
486 498 498 594 564 574 Fiberglass Reinforced Plastic (0 ‐ 498) 4.5 3.75 Upper Basin Fill 280 1,200
594 689 689 730 704 714 Middle Fine‐Grained Unit 300 1,180
730 829 829 869 844 854 Lower Basin Fill Unit 375 1,105
869 967 967 1,010 984 995 Bedrock Exclusion Zone 415 1,065
1,010 1,109 1,109 1,219 1,125 1,135 Bedrock Oxide Unit ‐‐‐ ‐‐‐

NOTES:

1. Information taken from the pipe tally, annular materials and well development field forms; the automated casing layout; and the drill tracking spreadsheet for each well.

ft. amsl = feet above mean sea level

ft. bgs = feet below ground surface

in. = inches

NAD83 = North American Datum 1983  
NAVD88 = North American Vertical Datum of 1988

POC = Point of Compliance Well

PVC = polyvinyl chloride

4.5 3.83‐‐‐ 1,219 1,175 0 486 Schedule 80 PVC  0.020WB‐04 55‐227229 2/5/2018 2/25/2018 4/5/2018
Class III Multi‐Level 

Sampling
D (4‐9) 28 CAC 746131.41 847659.81

4.5 3.83

WB‐03 55‐227228 2/7/2018 2/24/2018 3/30/2018
Class III Multi‐Level 

Sampling
D (4‐9) 28 CAC 746096.50 847694.08 ‐‐‐ 1,220 1,174 0 489 Schedule 80 PVC  0.020 4.5 3.83

‐‐‐ 1,204 1,175 0 484 Schedule 80 PVC  0.020WB‐02 55‐227227 3/17/2018 4/11/2018 4/18/2018
Class III Multi‐Level 

Sampling
D (4‐9) 28 CAC 746131.33 847730.23 Schedule 80 PVC blank                        

(498‐563, 574‐704, 714‐844, 854‐984, 994‐1124,
1134‐1175)

‐‐‐ 1,203 1,174 0 474 Schedule 80 PVC  0.020 4.5 3.83Schedule 80 PVC blank                        
(497‐562, 572‐702, 712‐843, 853‐983, 993‐1123,

1133‐1174)
4.5 3.83

WB‐01 55‐227226 3/19/2018 3/31/2018 4/10/2018
Class III Multi‐Level 

Sampling
D (4‐9) 28 CAC 746167.50 847695.07

‐‐‐ 1,225 1,199 0 488 Schedule 80 PVC  0.080 5.56 4.81I‐04 55‐227966 3/15/2018 3/30/2018 4/19/2018 Class III Injection D (4‐9) 28 CBD 746131.37 847623.89

‐‐‐ 1,225 1,200 0 490 Schedule 80 PVC  0.080 5.56 4.81I‐03 55‐227965 2/28/2018 3/11/2018 5/1/2018 Class III Injection D (4‐9) 28 CAC 746061.32 847694.57

‐‐‐ 1,219 1,201 0 490 Schedule 80 PVC  0.080 5.56 4.81I‐02 55‐227964 11/12/2017 2/19/2018 3/16/2018 Class III Injection D (4‐9) 28 CAC 746131.73 847765.01

‐‐‐ 1,235 1,201 0 490 Schedule 80 PVC  0.080 5.56 4.81I‐01 55‐227963 2/13/2018 3/16/2018 4/11/2018 Class III Injection D (4‐9) 28 CAC 746202.46 847694.70

‐‐‐ 1,225 1,205 0 497 Schedule 80 PVC  0.080 5.56 4.811,480.51R‐08 55‐227707 1/3/2018 1/18/2018 3/31/2018 Class III Recovery D (4‐9) 28 CBD 746202.32 847623.59

4.81R‐01 55‐227700 10/27/2017 12/18/2017 1/19/2018 Class III Recovery D (4‐9) 28 CAC 746273.07 847694.41 ‐‐‐ 1,220 1,205 0 499

R‐03 55‐227702 11/30/2017 1/12/2018 2/5/2018 Class III Recovery D (4‐9) 28 CAC 746131.72

Schedule 80 PVC  0.080 5.56

847836.12 0.080 5.56 4.81‐‐‐ 1,225 1,202 0 494 Schedule 80 PVC 

Schedule 80 PVC  0.080 5.56 4.81R‐05 55‐227704 1/20/2018 2/5/2018 2/26/2018 Class III Recovery D (4‐9) 28 CAC 745990.04 847694.30

Schedule 80 PVC  0.080 5.56 4.81R‐07 55‐227706 12/27/2017 1/9/2018 1/26/2018 Class III Recovery D (4‐9) 28 CBD 746131.57 847552.95 ‐‐‐ 1,244 1,204 0 5051,480.51

‐‐‐ 1,225 1,202 0 496

‐‐‐ 1,210 1,200 0 500

‐‐‐ 1,223 1,202 0 493

1,481.87

1,481.84

1,480.41

1,481.52

R‐02 55‐227701 1/13/2018 1/19/2018 4/3/2018 Class III Recovery D (4‐9) 28 CAC 746202.30 847765.32 Schedule 80 PVC  0.080 5.56 4.81

R‐04 55‐227703 1/15/2018 2/6/2018 3/20/2018 Class III Recovery D (4‐9) 28 CAC 746060.98 847765.04 ‐‐‐ 1,225 1,201 0 488 Schedule 80 PVC  0.080 5.56 4.81

R‐06 55‐227705 11/24/2017 3/29/2018 5/12/2018 Class III Recovery D (4‐9) 28 CBD 746060.76 847623.95 Schedule 80 PVC  0.080 5.56 4.81

R‐09 55‐227708 3/1/2018 3/12/2018 4/23/2018 Class III Recovery D (4‐9) 28 CAC 746132.08 847694.65 ‐‐‐ 1,236 1,205 0 501 Schedule 80 PVC  0.080 8.63 7.63

Schedule 80 PVC blank                        
(498‐563, 573‐703, 713‐843, 853‐984, 994‐1124,

1134‐1174)

Schedule 80 PVC blank                        
(498‐564, 574‐704, 714‐844, 854‐984, 995 ‐ 

1125, 1135‐1175)

4.5 3.83

4.5 3.83

4.5 3.83

1,481.90

1,481.81

1,481.37

1,482.67

1,482.61

1,480.71

1,482.16

1,479.34

1,478.75

1,478.99

1,479.79

September 2018



TABLE 4
WATER LEVEL ELEVATIONS DOWNGRADIENT
OF THE PTF WELLFIELD
FLORENCE COPPER INC.
FLORENCE, ARIZONA

Well ID Well Type Location
Distance from 
Wellfield (feet)

Water Level Elevation 
8/30/2018 (feet amsl)

Calculated Gradient between 
MW and Wellfield (feet/foot)

O‐07 PTF Observation Downgradient edge of wellfield 0 1235.98 NA

O‐06 PTF Observation Downgradient edge of wellfield 0 1235.57 NA

MW‐01‐O Operational Monitoring Downgradient of wellfield 145 1236.20 0.004

M54‐O Point‐of‐Compliance Well Downgradient of wellfield at PMA boundary 500 1238.27 0.005

Notes:

amsl ‐ above mean sea level

NA ‐ not applicable

PTF ‐ Production Test Facility

September 2018
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FLORENCE COPPER PROJECT
FLORENCE, ARIZONA
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FIGURE 1SEPTEMBER  2018

R-01 SPINNER FLOW AND 
POROSITY PROFILES

NOTES

bgs = below ground surface 
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NOTES

1. ALL LOCATIONS AND DIMENSIONS ARE
APPROXIMATE.

2. RECOVERY WELLLS ARE PUMPING.

3. INJECTION WELLS ARE INJECTING CLEAN
WATER.

4. AERIAL IMAGERY SOURCE: ESRI
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EXHIBIT B-7 
 

Excerpt from Brown and Caldwell 1996B Report 
– Volume II of V Site Characterization Report, 

Magma Florence In-Situ Project 
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2.3.6 Hydraulic Corehole Testing 

Hydraulic fracturing and slug tests were conducted in selected coreholes at the in-situ mine area 
to obtain fracture gradient values of the oxide bedrock zone. A summary of the corehole testing 
program is included in Table 2.3-7. These tests were conducted to establish wellhead injection 
pressure criteria as a requirement of the Underground Injection Control (UIC) program and for 
future development of the ore body. The fracture gradient values obtained represent the pressure 
per foot of depth required to initiate a fracture in the host bedrock. A total of 5 coreholes were 
tested that were considered representative of the lithologic conditions found throughout the oxide 
zone. These inclm;led a 6-inch diameter corehole (MCC-533), and 4 HX (approximately 3-inch 
diameter) coreholes (MCC-537, MCC-540, MCC-541, and MCC-544). The location of these 
coreholes are shown on Sheet l .2-2[II]. Coreholes in the Florence -Project Area are discussed 

· further in Section 4.1.2. Lithologic and geophysical logs compiled for the coreholes during this
investigation, as well as analyses results, are on file at the Florence Project field office.
2.3.6.1 Field Procedures 

After completion of coring activities, a geophysical logging survey was conducted by Welenco, 
Inc., Chandler, Arizona. The geophysical logs and the corehole log descriptions were used to 
select test intervals based on characteristics such as lithology, fracture intensity, rock competency, 
and hole roughness. Geophysical logs obtained for the coreholes included caliper, electric, 
gamma ray-neutron, sonic, and borehole televiewer (BHT) logs. The BHT tool is an acoustic 
scanner.  The BHT log displays an oriented,  360-degree  acoustic image of the corehole  wall as 
if it were split vertically and laid flat. Features that can be identified include fractures, faults, 
vugs, and intrusions. Fractures dipping between vertical and horizontal appear as sinusoidal 
images. 
After the geophysical surveys were completed, the drilling fluid remaining in the coreholes was 
displaced with clean water. A Failing 1500 workover rig was used to install a workstring of 2 7/8-
inch diameter steel tubing into the corehole. Water was pumped down the tubing and up the 
annulus until the drilling fluid was displaced. Circulation was continued after reaching  total 
depth until the returning water at the surface was as free of sediment as possible. Because of 
unstable hole conditions, coreholes MCC-533, MCC-537, and MCC-541 could not be developed 
to their total depth. 

Excerpt From:
Brown and Caldwell, 1996b.  Volume II of V Site Characterization 
Report, Magma Florence In-Situ Project



The test intervals selected for each corehole were isolated using a balanced piston (BP) straddle
washtool operated by TAM International, Houston, Texas. The BP straddle washtool consisted
of 2 inflatable rubber packers mechanically connected to form a single unit. The packer elements
were approximately 2 1/2 feet in length and hydraulically actuated to produce a positive seal on
the corehole wall. Perforated tubing was installed between the packers to straddle the selected
depth interval and control fluid injection. A pressure transducer, rated to 2,000 psi, was installed
to the top of the test interval to record hydraulic pressure and temperature. Two turbine flow
meters, with ranges of 3 to 15 gpm and 5 to 50 gpm, were used to measure water injection rates.

2.3.6.2 Methods of Analysis

Fracture gradient values obtained for the oxide bedrock zone were determined from pressure
buildup and step-rate injection tests. Prior to conducting either of these tests, slug tests were run
on most of the test intervals for background hydraulic conductivity data. The results of all the
tests are discussed in Section 4.0. .

The pressure build-up test involved the raising of the fluid pressure in the sealed-off interval
between the 2 packers by injecting water at a constant rate until the corehole wall rock was
fractured. Then, as water continued to be injected into the zone, the pressure stabilized, at which
time the fracture continued to be extended. When injection was stopped, the pressure quickly
stabilized to the instantaneous shut-in pressure (ISIP); the pressure reached when the induced
fracture closes. The fracturing (breakdown) pressure of the formation is represented by the peak
of the pressure-time curve. The fracture gradient was determined by the ratio of the breakdown
pressure (the applied hydraulic pressure plus the pressure exerted by the water column) and the
depth interval given in pounds per square inch per foot (psi/ft). Pressure buildup tests were run
on 4 zones in corehole MCC-533 within the quartz monzonite porphyry of the oxide bedrock
zone. The fracture gradient values ranged from 0.71 psi/ft to 0.82 psi/ft.

Step-rate injection testing consisted of injecting fluid in an isolated interval between the packers
at a series of increasing rates, with each rate lasting approximately the same length of time. The
bottom hole injection pressure at the end of each rate versus the injection rate was plotted. The
plot consisted of 2 straight-line segments with different slopes, with the point where the 2 lines
intersect indicating formation fracture pressure. The fracture gradient was determined by dividing
the fracture pressure by the depth. A total of 12 step-rate injection tests were conducted in
coreholes MCC-537, MCC-540, MCC-541, and MCC-544. The fracture gradient values for the
step-rate injection tests ranged from 0.71 psi/ft. to 1.19 psi/ft.

Slug tests were conducted prior to performance of the fracture gradient tests in the coreholes to
establish background hydraulic conductivity values for the oxide bedrock zone. These tests were
also used as a guideline in establishing injection rates at the beginning of the fracture tests. The
slug test method consisted of quickly adding a known volume of water to the formation, and
monitoring the rate of water level decline as indicated by change in hydrostatic head. The tests
were analyzed using the Hvorslev method (1951) as presented in Fetter (1994). The slug test
results are discussed in Section 4.0.

The Hvorslev method consists of computing the ratio of the water levels during the test and
plotting that versus time on semi-logarithmic paper. The time fall-off plot will yield a straight

magma.flolfinal.applyolume.2lsection .210 10696\kw 2-27



line. Because the length of the test interval was significantly greater than the radius of the
corehole (LIR>8), the following formula presented by Hvorslev was applied.

K = ,2 In (LIR)
2LTo

where: K = hydraulic conductivity (ft/day);
r = radius of tubing (ft);
R = radius of corehole (ft);
L = length of test interval (ft); and
To = time for the water level to fall 37 percent of the initial value (day).

magma.flo\final.app\volume.2\secti~m.2\Ol0696\kw 2-28
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Slug Test 2 Plot
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Horslev ST #2

0512390.XLS

0.001

0.01

0.1

1

10

0.000 2.000 4.000 6.000 8.000 10.000 12.000

h
/h

o

Elapsed Time (min)

Horslev Plot 
Slug Test #2

MCC537 395'-446'



Slug Test 2 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)
Pressure 

(psig) h/ho

Static Pressure
18.882 - - - 90.4 -

18.882 0.000 0.000 0.00E+00 109.7 0.649832
18.883 0.001 0.060 4.17E-05 109.7 0.649832
18.883 0.001 0.060 4.17E-05 119.7 0.986532
18.884 0.002 0.120 8.33E-05 119.7 0.986532
18.884 0.002 0.120 8.33E-05 120.1 1
18.885 0.003 0.180 1.25E-04 120.1 1
18.885 0.003 0.180 1.25E-04 119.8 0.989899
18.885 0.003 0.180 1.25E-04 119.8 0.989899
18.886 0.004 0.240 1.67E-04 119.4 0.976431
18.886 0.004 0.240 1.67E-04 119.4 0.976431
18.887 0.005 0.300 2.08E-04 118.9 0.959596
18.887 0.005 0.300 2.08E-04 118.9 0.959596
18.888 0.006 0.360 2.50E-04 118.5 0.946128
18.888 0.006 0.360 2.50E-04 118.5 0.946128
18.889 0.007 0.420 2.92E-04 118.2 0.936027
18.889 0.007 0.420 2.92E-04 118.2 0.936027
18.889 0.007 0.420 2.92E-04 117.8 0.922559
18.890 0.008 0.480 3.33E-04 117.8 0.922559
18.890 0.008 0.480 3.33E-04 117.5 0.912458
18.891 0.009 0.540 3.75E-04 117.5 0.912458
18.891 0.009 0.540 3.75E-04 117.1 0.89899
18.892 0.010 0.600 4.17E-04 117.1 0.89899
18.892 0.010 0.600 4.17E-04 116.6 0.882155
18.893 0.011 0.660 4.58E-04 116.6 0.882155
18.893 0.011 0.660 4.58E-04 116.3 0.872054
18.893 0.011 0.660 4.58E-04 116.3 0.872054
18.894 0.012 0.720 5.00E-04 115.9 0.858586
18.894 0.012 0.720 5.00E-04 115.9 0.858586
18.895 0.013 0.780 5.42E-04 115.7 0.851852
18.895 0.013 0.780 5.42E-04 115.7 0.851852
18.896 0.014 0.840 5.83E-04 115.3 0.838384
18.896 0.014 0.840 5.83E-04 115.3 0.838384
18.897 0.015 0.900 6.25E-04 114.9 0.824916
18.897 0.015 0.900 6.25E-04 114.9 0.824916
18.897 0.015 0.900 6.25E-04 114.6 0.814815
18.898 0.016 0.960 6.67E-04 114.6 0.814815
18.898 0.016 0.960 6.67E-04 114.3 0.804714
18.899 0.017 1.020 7.08E-04 114.3 0.804714
18.899 0.017 1.020 7.08E-04 113.9 0.791246
18.900 0.018 1.080 7.50E-04 113.9 0.791246
18.900 0.018 1.080 7.50E-04 113.7 0.784512
18.901 0.019 1.140 7.92E-04 113.7 0.784512
18.901 0.019 1.140 7.92E-04 113.2 0.767677
18.901 0.019 1.140 7.92E-04 113.2 0.767677
18.902 0.020 1.200 8.33E-04 113.0 0.760943
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Slug Test 2 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)
Pressure 

(psig) h/ho

18.902 0.020 1.200 8.33E-04 113.0 0.760943
18.903 0.021 1.260 8.75E-04 112.7 0.750842
18.903 0.021 1.260 8.75E-04 112.7 0.750842
18.904 0.022 1.320 9.17E-04 112.4 0.740741
18.904 0.022 1.320 9.17E-04 112.4 0.740741
18.905 0.023 1.380 9.58E-04 112.0 0.727273
18.905 0.023 1.380 9.58E-04 112.0 0.727273
18.905 0.023 1.380 9.58E-04 111.6 0.713805
18.906 0.024 1.440 1.00E-03 111.6 0.713805
18.906 0.024 1.440 1.00E-03 111.5 0.710438
18.907 0.025 1.500 1.04E-03 111.5 0.710438
18.907 0.025 1.500 1.04E-03 111.3 0.703704
18.908 0.026 1.560 1.08E-03 111.3 0.703704
18.908 0.026 1.560 1.08E-03 111.0 0.693603
18.909 0.027 1.620 1.12E-03 111.0 0.693603
18.909 0.027 1.620 1.12E-03 110.7 0.683502
18.909 0.027 1.620 1.12E-03 110.7 0.683502
18.910 0.028 1.680 1.17E-03 110.4 0.673401
18.910 0.028 1.680 1.17E-03 110.4 0.673401
18.911 0.029 1.740 1.21E-03 110.1 0.6633
18.911 0.029 1.740 1.21E-03 110.1 0.6633
18.912 0.030 1.800 1.25E-03 109.8 0.653199
18.912 0.030 1.800 1.25E-03 109.8 0.653199
18.912 0.030 1.800 1.25E-03 109.5 0.643098
18.916 0.034 2.040 1.42E-03 108.4 0.606061
18.920 0.038 2.280 1.58E-03 107.1 0.56229
18.925 0.043 2.580 1.79E-03 106.1 0.52862
18.928 0.046 2.760 1.92E-03 104.9 0.488215
18.932 0.050 3.000 2.08E-03 104.0 0.457912
18.936 0.054 3.240 2.25E-03 103.0 0.424242
18.940 0.058 3.480 2.42E-03 102.3 0.400673
18.944 0.062 3.720 2.58E-03 101.2 0.363636
18.948 0.066 3.960 2.75E-03 100.4 0.3367
18.952 0.070 4.200 2.92E-03 99.6 0.309764
18.956 0.074 4.440 3.08E-03 99.0 0.289562
18.960 0.078 4.680 3.25E-03 98.2 0.262626
18.964 0.082 4.920 3.42E-03 97.6 0.242424
18.968 0.086 5.160 3.58E-03 96.8 0.215488
18.972 0.090 5.400 3.75E-03 96.5 0.205387
18.976 0.094 5.640 3.92E-03 95.8 0.181818
18.980 0.098 5.880 4.08E-03 95.4 0.16835
18.984 0.102 6.120 4.25E-03 94.7 0.144781
18.988 0.106 6.360 4.42E-03 94.4 0.13468
18.992 0.110 6.600 4.58E-03 93.9 0.117845
18.996 0.114 6.840 4.75E-03 93.5 0.104377
19.000 0.118 7.080 4.92E-03 93.0 0.087542
19.004 0.122 7.320 5.08E-03 92.8 0.080808
19.008 0.126 7.560 5.25E-03 92.4 0.06734
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Slug Test 2 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)
Pressure 

(psig) h/ho

19.012 0.130 7.800 5.42E-03 92.0 0.053872
19.016 0.134 8.040 5.58E-03 91.8 0.047138
19.020 0.138 8.280 5.75E-03 91.6 0.040404
19.028 0.146 8.760 6.08E-03 91.1 0.023569
19.032 0.150 9.000 6.25E-03 90.9 0.016835
19.036 0.154 9.240 6.42E-03 90.7 0.010101
19.040 0.158 9.480 6.58E-03 90.6 0.006734
19.044 0.162 9.720 6.75E-03 90.5 0.003367
19.048 0.166 9.960 6.92E-03 90.3 -0.003367
19.052 0.170 10.200 7.08E-03 88.2 -0.074074
19.056 0.174 10.440 7.25E-03 88.0 -0.080808
19.060 0.178 10.680 7.42E-03 87.8 -0.087542
19.064 0.182 10.920 7.58E-03 87.8 -0.087542
19.068 0.186 11.160 7.75E-03 87.6 -0.094276
19.072 0.190 11.400 7.92E-03 87.7 -0.090909
19.076 0.194 11.640 8.08E-03 87.6 -0.094276
19.080 0.198 11.880 8.25E-03 87.5 -0.097643
19.084 0.202 12.120 8.42E-03 87.5 -0.097643
19.088 0.206 12.360 8.58E-03 87.5 -0.097643
19.092 0.210 12.600 8.75E-03 87.5 -0.097643
19.096 0.214 12.840 8.92E-03 87.4 -0.10101
19.100 0.218 13.080 9.08E-03 87.5 -0.097643
19.104 0.222 13.320 9.25E-03 87.8 -0.087542
19.108 0.226 13.560 9.42E-03 87.8 -0.087542
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Slug Test 1 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)

Pressure 
(psig)

h/ho

Static Pressure
18.560 91.3

18.560 0.000 0.000 0.00E+00 143.0 0.8272
18.560 0.000 0.000 0.00E+00 143.0 0.8272
18.561 0.001 0.060 4.17E-05 150.2 0.9424
18.561 0.001 0.060 4.17E-05 150.2 0.9424
18.562 0.002 0.120 8.33E-05 152.2 0.9744
18.562 0.002 0.120 8.33E-05 152.2 0.9744
18.563 0.003 0.180 1.25E-04 152.8 0.984
18.563 0.003 0.180 1.25E-04 152.8 0.984
18.563 0.003 0.180 1.25E-04 153.2 0.9904
18.564 0.004 0.240 1.67E-04 153.2 0.9904
18.564 0.004 0.240 1.67E-04 153.8 1
18.565 0.005 0.300 2.08E-04 153.8 1
18.565 0.005 0.300 2.08E-04 153.4 0.9936
18.566 0.006 0.360 2.50E-04 153.4 0.9936
18.566 0.006 0.360 2.50E-04 152.9 0.9856
18.567 0.007 0.420 2.92E-04 152.9 0.9856
18.567 0.007 0.420 2.92E-04 152.7 0.9824
18.567 0.007 0.420 2.92E-04 152.7 0.9824
18.568 0.008 0.480 3.33E-04 151.9 0.9696
18.568 0.008 0.480 3.33E-04 151.9 0.9696
18.569 0.009 0.540 3.75E-04 151.7 0.9664
18.569 0.009 0.540 3.75E-04 151.7 0.9664
18.570 0.010 0.600 4.17E-04 151.0 0.9552
18.570 0.010 0.600 4.17E-04 151.0 0.9552
18.571 0.011 0.660 4.58E-04 150.8 0.952
18.571 0.011 0.660 4.58E-04 150.8 0.952
18.571 0.011 0.660 4.58E-04 150.3 0.944
18.572 0.012 0.720 5.00E-04 150.3 0.944
18.572 0.012 0.720 5.00E-04 150.0 0.9392
18.573 0.013 0.780 5.42E-04 150.0 0.9392
18.573 0.013 0.780 5.42E-04 149.8 0.936
18.574 0.014 0.840 5.83E-04 149.8 0.936
18.574 0.014 0.840 5.83E-04 149.1 0.9248
18.575 0.015 0.900 6.25E-04 149.1 0.9248
18.575 0.015 0.900 6.25E-04 148.3 0.912
18.575 0.015 0.900 6.25E-04 148.3 0.912
18.576 0.016 0.960 6.67E-04 147.9 0.9056
18.576 0.016 0.960 6.67E-04 147.9 0.9056
18.577 0.017 1.020 7.08E-04 148.1 0.9088
18.577 0.017 1.020 7.08E-04 148.1 0.9088
18.578 0.018 1.080 7.50E-04 148.1 0.9088
18.578 0.018 1.080 7.50E-04 148.1 0.9088
18.579 0.019 1.140 7.92E-04 147.8 0.904
18.579 0.019 1.140 7.92E-04 147.8 0.904
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Slug Test 1 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)

Pressure 
(psig)

h/ho

18.579 0.019 1.140 7.92E-04 149.9 0.9376
18.580 0.020 1.200 8.33E-04 149.9 0.9376
18.580 0.020 1.200 8.33E-04 149.6 0.9328
18.581 0.021 1.260 8.75E-04 149.6 0.9328
18.581 0.021 1.260 8.75E-04 148.9 0.9216
18.582 0.022 1.320 9.17E-04 148.9 0.9216
18.582 0.022 1.320 9.17E-04 148.9 0.9216
18.583 0.023 1.380 9.58E-04 148.1 0.9088
18.583 0.023 1.380 9.58E-04 148.1 0.9088
18.584 0.024 1.440 1.00E-03 147.3 0.896
18.584 0.024 1.440 1.00E-03 147.3 0.896
18.585 0.025 1.500 1.04E-03 146.7 0.8864
18.585 0.025 1.500 1.04E-03 146.7 0.8864
18.586 0.026 1.560 1.08E-03 146.2 0.8784
18.586 0.026 1.560 1.08E-03 146.2 0.8784
18.587 0.027 1.620 1.13E-03 145.7 0.8704
18.587 0.027 1.620 1.13E-03 145.7 0.8704
18.587 0.027 1.620 1.13E-03 145.2 0.8624
18.588 0.028 1.680 1.17E-03 145.2 0.8624
18.588 0.028 1.680 1.17E-03 144.8 0.856
18.589 0.029 1.740 1.21E-03 144.8 0.856
18.589 0.029 1.740 1.21E-03 144.4 0.8496
18.590 0.030 1.800 1.25E-03 144.4 0.8496
18.590 0.030 1.800 1.25E-03 144.1 0.8448
18.591 0.031 1.860 1.29E-03 144.1 0.8448
18.591 0.031 1.860 1.29E-03 143.6 0.8368
18.591 0.031 1.860 1.29E-03 143.6 0.8368
18.592 0.032 1.920 1.33E-03 143.1 0.8288
18.592 0.032 1.920 1.33E-03 143.1 0.8288
18.593 0.033 1.980 1.38E-03 142.9 0.8256
18.593 0.033 1.980 1.38E-03 142.9 0.8256
18.594 0.034 2.040 1.42E-03 142.4 0.8176
18.594 0.034 2.040 1.42E-03 142.4 0.8176
18.595 0.035 2.100 1.46E-03 142.0 0.8112
18.595 0.035 2.100 1.46E-03 142.0 0.8112
18.595 0.035 2.100 1.46E-03 141.5 0.8032
18.596 0.036 2.160 1.50E-03 141.5 0.8032
18.596 0.036 2.160 1.50E-03 141.2 0.7984
18.597 0.037 2.220 1.54E-03 141.2 0.7984
18.597 0.037 2.220 1.54E-03 140.8 0.792
18.598 0.038 2.280 1.58E-03 140.8 0.792
18.598 0.038 2.280 1.58E-03 140.4 0.7856
18.598 0.038 2.280 1.58E-03 140.4 0.7856
18.599 0.039 2.340 1.63E-03 140.0 0.7792
18.599 0.039 2.340 1.63E-03 140.0 0.7792
18.600 0.040 2.400 1.67E-03 139.6 0.7728
18.600 0.040 2.400 1.67E-03 139.6 0.7728
18.601 0.041 2.460 1.71E-03 139.1 0.7648
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Slug Test 1 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)

Pressure 
(psig)

h/ho

18.601 0.041 2.460 1.71E-03 139.1 0.7648
18.602 0.042 2.520 1.75E-03 138.9 0.7616
18.602 0.042 2.520 1.75E-03 138.9 0.7616
18.603 0.043 2.580 1.79E-03 138.3 0.752
18.603 0.043 2.580 1.79E-03 138.3 0.752
18.603 0.043 2.580 1.79E-03 137.8 0.744
18.604 0.044 2.640 1.83E-03 137.8 0.744
18.604 0.044 2.640 1.83E-03 137.5 0.7392
18.605 0.045 2.700 1.88E-03 137.5 0.7392
18.605 0.045 2.700 1.88E-03 137.1 0.7328
18.606 0.046 2.760 1.92E-03 137.1 0.7328
18.606 0.046 2.760 1.92E-03 136.6 0.7248
18.606 0.046 2.760 1.92E-03 136.6 0.7248
18.607 0.047 2.820 1.96E-03 136.3 0.72
18.607 0.047 2.820 1.96E-03 136.3 0.72
18.608 0.048 2.880 2.00E-03 135.8 0.712
18.608 0.048 2.880 2.00E-03 135.8 0.712
18.609 0.049 2.940 2.04E-03 135.5 0.7072
18.609 0.049 2.940 2.04E-03 135.5 0.7072
18.610 0.050 3.000 2.08E-03 135.1 0.7008
18.610 0.050 3.000 2.08E-03 135.1 0.7008
18.610 0.050 3.000 2.08E-03 135.1 0.7008
18.611 0.051 3.060 2.13E-03 134.6 0.6928
18.611 0.051 3.060 2.13E-03 134.2 0.6864
18.612 0.052 3.120 2.17E-03 133.9 0.6816
18.613 0.053 3.180 2.21E-03 133.9 0.6816
18.613 0.053 3.180 2.21E-03 133.4 0.6736
18.614 0.054 3.240 2.25E-03 133.4 0.6736
18.614 0.054 3.240 2.25E-03 133.0 0.6672
18.614 0.054 3.240 2.25E-03 133.0 0.6672
18.615 0.055 3.300 2.29E-03 132.7 0.6624
18.615 0.055 3.300 2.29E-03 132.7 0.6624
18.616 0.056 3.360 2.33E-03 132.3 0.656
18.625 0.065 3.900 2.71E-03 128.9 0.6016
18.633 0.073 4.380 3.04E-03 125.6 0.5488
18.641 0.081 4.860 3.37E-03 122.5 0.4992
18.672 0.112 6.720 4.67E-03 113.1 0.3488
18.680 0.120 7.200 5.00E-03 110.7 0.3104
18.689 0.129 7.740 5.38E-03 108.7 0.2784
18.697 0.137 8.220 5.71E-03 106.7 0.2464
18.706 0.146 8.760 6.08E-03 104.9 0.2176
18.714 0.154 9.240 6.42E-03 103.1 0.1888
18.723 0.163 9.780 6.79E-03 101.7 0.1664
18.731 0.171 10.260 7.13E-03 100.2 0.1424
18.739 0.179 10.740 7.46E-03 99.1 0.1248
18.748 0.188 11.280 7.83E-03 97.8 0.104
18.756 0.196 11.760 8.17E-03 96.8 0.088
18.765 0.205 12.300 8.54E-03 95.8 0.072
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Slug Test 1 Data

Time
Elapsed 

Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 

(Days)

Pressure 
(psig)

h/ho

18.773 0.213 12.780 8.88E-03 95.0 0.0592
18.781 0.221 13.260 9.21E-03 94.2 0.0464
18.790 0.230 13.800 9.58E-03 93.6 0.0368
18.798 0.238 14.280 9.92E-03 92.8 0.024
18.807 0.247 14.820 1.03E-02 92.4 0.0176
18.815 0.255 15.300 1.06E-02 91.9 0.0096
18.823 0.263 15.780 1.10E-02 91.6 0.0048
18.832 0.272 16.320 1.13E-02 90.3 -0.016
18.840 0.280 16.800 1.17E-02 90.3 -0.016
18.849 0.289 17.340 1.20E-02 90.2 -0.0176
18.857 0.297 17.820 1.24E-02 90.3 -0.016
18.866 0.306 18.360 1.28E-02 90.3 -0.016
18.874 0.314 18.840 1.31E-02 90.3 -0.016
18.878 0.318 19.080 1.33E-02 90.4 -0.0144
18.878 0.318 19.080 1.33E-02 90.3 -0.016
18.878 0.318 19.080 1.33E-02 90.3 -0.016
18.879 0.319 19.140 1.33E-02 90.3 -0.016
18.879 0.319 19.140 1.33E-02 90.3 -0.016
18.880 0.320 19.200 1.33E-02 90.3 -0.016
18.880 0.320 19.200 1.33E-02 90.3 -0.016
18.881 0.321 19.260 1.34E-02 90.3 -0.016
18.881 0.321 19.260 1.34E-02 90.3 -0.016
18.881 0.321 19.260 1.34E-02 90.4 -0.0144
18.882 0.322 19.320 1.34E-02 90.4 -0.0144
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Step Rate tst
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Fract. Grad. 
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MCC 537 395-446

Step-rate Injection Test

Time
Injection 
Rate (gpm)

Pressure 
(psig)

19.502 11.4 164.3
19.506 11.4 164.5
19.510 11.4 165.8
19.514 11.4 167.3
19.518 11.4 168.8
19.522 11.4 170.0
19.526 11.4 171.1
19.530 11.4 171.9
19.534 11.4 172.6
19.538 11.4 172.8
19.542 11.4 172.9
19.546 11.4 172.8
19.554 11.4 172.6
19.558 11.4 172.6
19.563 11.4 172.6
19.567 11.4 172.7
19.571 11.4 172.6
19.576 11.4 172.6
19.580 11.4 172.6
19.585 11.4 172.4
19.589 11.4 172.1
19.594 11.4 171.9
19.598 11.4 171.6
19.602 11.4 171.6
19.607 11.4 171.5
19.611 11.4 171.7
19.616 11.4 171.9
19.620 11.4 172.2
19.625 11.4 172.6
19.629 11.4 173.1
19.633 11.4 173.2
19.638 11.4 173.6
19.642 11.4 173.7
19.647 11.4 174.0
19.651 11.4 174.0
19.656 11.4 174.0
19.660 11.4 174.1
19.664 11.4 174.3
19.669 11.4 174.4
19.673 11.4 174.5
19.678 11.4 175.7
19.682 11.4 180.1
19.687 11.4 183.1
19.691 11.4 185.1
19.695 11.4 186.2
19.700 11.4 186.9
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MCC 537 395-446

Time
Injection 
Rate (gpm)

Pressure 
(psig)

19.704 11.4 188.3
19.709 11.4 189.3
19.713 11.4 190.7
19.718 11.4 190.8
19.722 11.4 191.5
19.726 11.4 191.8
19.731 11.4 192.2
19.735 11.4 191.4
19.740 11.4 191.4
19.744 11.4 191.6
19.749 11.4 192.7
19.753 11.4 195.7
19.757 11.4 197.7
19.762 11.4 198.1
19.766 11.4 199.0
19.771 11.4 199.2
19.775 11.4 198.4
19.780 11.4 198.6
19.784 11.4 198.6
19.788 11.4 198.5
19.793 11.4 198.3
19.797 11.4 198.6
19.802 11.4 198.1
19.806 11.4 199.0
19.811 11.4 199.8
19.815 11.4 200.7
19.819 11.4 200.2
19.824 11.4 200.0
19.828 11.4 199.8
19.833 11.4 197.6
19.837 11.4 197.8
19.842 11.4 198.4
19.846 11.4 198.8
19.850 11.4 201.8
19.855 11.4 202.8
19.859 11.4 204.0

19.864 13.6 167.2
19.868 13.6 165.0
19.873 13.6 187.4
19.877 13.6 199.5
19.881 13.6 200.3
19.886 13.6 200.5
19.890 13.6 200.5
19.895 13.6 200.2
19.899 13.6 200.5
19.904 13.6 216.6
19.908 13.6 207.7
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MCC 537 395-446

Time
Injection 
Rate (gpm)

Pressure 
(psig)

19.912 13.6 209.9
19.917 13.6 209.2
19.921 13.6 209.0
19.926 13.6 210.9
19.930 13.6 209.6
19.935 13.6 211.6
19.939 13.6 210.1
19.943 13.6 207.6
19.948 13.6 209.1
19.952 13.6 208.0
19.957 13.6 209.4
19.961 13.6 208.3
19.966 13.6 212.3
19.970 13.6 212.0
19.974 13.6 209.6
19.979 13.6 211.8
19.983 13.6 211.8
19.988 13.6 211.9
19.992 13.6 213.9
19.997 13.6 214.0
20.001 13.6 213.5
20.005 13.6 214.0
20.010 13.6 215.6
20.014 13.6 213.9
20.019 13.6 215.4
20.023 13.6 214.2
20.028 13.6 214.5
20.032 13.6 214.7
20.036 13.6 214.4
20.041 13.6 214.1
20.045 13.6 215.3
20.050 13.6 214.7
20.054 13.6 212.8
20.059 13.6 216.4

20.063 19 235.0
20.067 19 235.6
20.072 19 235.5
20.076 19 224.0
20.081 19 226.6
20.085 19 226.5
20.090 19 247.3
20.094 19 242.9
20.098 19 245.7
20.103 19 246.9
20.107 19 243.7
20.112 19 246.4
20.116 19 246.6
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MCC 537 395-446

Time
Injection 
Rate (gpm)

Pressure 
(psig)

20.121 19 247.6
20.125 19 247.0
20.129 19 247.4
20.134 19 248.9
20.138 19 245.6
20.143 19 246.4
20.147 19 245.3
20.152 19 245.4
20.156 19 244.7
20.160 19 247.8
20.165 19 246.5
20.169 19 246.2
20.174 19 246.1
20.178 19 246.6
20.183 19 247.4
20.187 19 248.0
20.191 19 246.0
20.196 19 248.2
20.200 19 245.0
20.205 19 246.1
20.209 19 245.8
20.214 19 244.8
20.218 19 244.6
20.222 19 247.0
20.227 19 244.3
20.231 19 245.4
20.236 19 246.1
20.240 19 245.6
20.245 19 244.6
20.249 19 244.4
20.253 19 246.7
20.258 19 245.5
20.262 19 244.6
20.267 19 246.8
20.271 19 246.8
20.276 19 245.4
20.280 19 246.0

20.284 21 266.9
20.289 21 261.9
20.293 21 260.7
20.298 21 261.3
20.302 21 262.7
20.307 21 264.1
20.311 21 262.0
20.315 21 264.2
20.320 21 262.4
20.324 21 261.3
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MCC 537 395-446

Time
Injection 
Rate (gpm)

Pressure 
(psig)

20.329 21 249.9
20.333 21 252.0
20.338 21 257.3

20.342 33 214.2
20.346 33 298.6
20.351 33 298.4
20.355 33 304.8
20.360 33 307.2
20.364 33 305.9
20.369 33 305.3
20.373 33 307.4
20.377 33 307.4
20.382 33 304.3
20.386 33 305.4
20.391 33 310.5
20.395 33 311.7
20.400 33 312.7
20.404 33 309.6
20.408 33 312.0
20.413 33 313.9
20.417 33 310.4
20.422 33 312.6
20.426 33 314.1
20.431 33 317.4
20.435 33 313.9
20.439 33 314.2
20.444 33 313.6
20.448 33 311.6

20.453 37 308.3
20.457 37 330.5
20.462 37 329.3
20.466 37 330.9
20.470 37 332.4
20.475 37 334.1
20.479 37 333.5
20.484 37 334.4
20.488 37 334.9
20.493 37 336.1
20.497 37 335.9
20.501 37 333.8
20.506 37 318.3
20.510 37 318.4
20.515 37 321.0
20.519 37 324.2 End Test

20.524 - 159.4
20.528 - 90.3
20.532 - 90.3
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Slug Test #2 Plot
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Horslev Plot ST#2 
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Slug Test #2 Data

Slug Test #2 Data MCC 537 470'-521'

Time Time

Elapsed 
Time 

(days)

Elapsed 
Time 
(min)

Elapsed 
Time (hrs)

Pressure 
(psig) h/ho

Static Pressure
16:17:36 16.293 124.5

16:17:37 16.294 4.17E-05 0.060 0.001 128.6 0.067
16:17:39 16.294 4.17E-05 0.060 0.001 128.6 0.067
16:17:40 16.295 8.33E-05 0.120 0.002 185.5 0.998
16:17:42 16.295 8.33E-05 0.120 0.002 185.5 0.998
16:17:44 16.295 8.33E-05 0.120 0.002 185.6 1.000
16:17:45 16.296 0.000125 0.180 0.003 185.6 1.000
16:17:47 16.296 0.000125 0.180 0.003 185.5 0.998
16:17:48 16.297 0.000167 0.240 0.004 185.5 0.998
16:17:50 16.297 0.000167 0.240 0.004 185.4 0.997
16:17:52 16.298 0.000208 0.300 0.005 185.4 0.997
16:17:53 16.298 0.000208 0.300 0.005 185.2 0.993
16:17:55 16.299 0.00025 0.360 0.006 185.2 0.993
16:17:56 16.299 0.00025 0.360 0.006 185.2 0.993
16:17:58 16.299 0.00025 0.360 0.006 185.2 0.993
16:18:00 16.3 0.000292 0.420 0.007 185 0.990
16:18:01 16.3 0.000292 0.420 0.007 185 0.990
16:18:03 16.301 0.000333 0.480 0.008 184.8 0.987
16:18:05 16.301 0.000333 0.480 0.008 184.8 0.987
16:18:06 16.302 0.000375 0.540 0.009 184.7 0.985
16:18:08 16.302 0.000375 0.540 0.009 184.7 0.985
16:18:09 16.303 0.000417 0.600 0.01 184.6 0.984
16:18:11 16.303 0.000417 0.600 0.01 184.6 0.984
16:18:12 16.303 0.000417 0.600 0.01 184.5 0.982
16:18:14 16.304 0.000458 0.660 0.011 184.5 0.982
16:18:16 16.304 0.000458 0.660 0.011 184.4 0.980
16:18:17 16.305 0.0005 0.720 0.012 184.4 0.980
16:18:19 16.305 0.0005 0.720 0.012 184.3 0.979
16:18:20 16.306 0.000542 0.780 0.013 184.3 0.979
16:18:22 16.306 0.000542 0.780 0.013 184 0.974
16:18:24 16.307 0.000583 0.840 0.014 184 0.974
16:18:25 16.307 0.000583 0.840 0.014 184 0.974
16:18:27 16.307 0.000583 0.840 0.014 184 0.974
16:18:28 16.308 0.000625 0.900 0.015 183.8 0.971
16:18:30 16.308 0.000625 0.900 0.015 183.8 0.971
16:18:31 16.309 0.000667 0.960 0.016 183.8 0.971
16:18:33 16.309 0.000667 0.960 0.016 183.8 0.971
16:18:35 16.31 0.000708 1.020 0.017 183.6 0.967
16:18:36 16.31 0.000708 1.020 0.017 183.6 0.967
16:18:38 16.311 0.00075 1.080 0.018 183.6 0.967
16:18:40 16.311 0.00075 1.080 0.018 183.6 0.967
16:18:41 16.311 0.00075 1.080 0.018 183.4 0.964
16:18:43 16.312 0.000792 1.140 0.019 183.4 0.964
16:18:44 16.312 0.000792 1.140 0.019 183.3 0.962
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Slug Test #2 Data

Slug Test #2 Data MCC 537 470'-521'

Time Time

Elapsed 
Time 

(days)

Elapsed 
Time 
(min)

Elapsed 
Time (hrs)

Pressure 
(psig) h/ho

16:18:46 16.313 0.000833 1.200 0.02 183.3 0.962
16:18:48 16.313 0.000833 1.200 0.02 183.1 0.959
16:18:49 16.314 0.000875 1.260 0.021 183.1 0.959
16:18:51 16.314 0.000875 1.260 0.021 183 0.957
16:18:52 16.315 0.000917 1.320 0.022 183 0.957
16:18:54 16.315 0.000917 1.320 0.022 182.9 0.956
16:18:55 16.315 0.000917 1.320 0.022 182.9 0.956
16:18:57 16.316 0.000958 1.380 0.023 182.7 0.953
16:18:59 16.316 0.000958 1.380 0.023 182.7 0.953
16:19:00 16.317 0.001 1.440 0.024 182.7 0.953
16:19:02 16.317 0.001 1.440 0.024 182.7 0.953
16:19:04 16.318 0.001042 1.500 0.025 182.5 0.949
16:19:05 16.318 0.001042 1.500 0.025 182.5 0.949
16:19:06 16.318 0.001042 1.500 0.025 182.4 0.948
16:19:08 16.319 0.001083 1.560 0.026 182.4 0.948
16:19:10 16.319 0.001083 1.560 0.026 182.2 0.944
16:19:11 16.32 0.001125 1.620 0.027 182.2 0.944
16:19:13 16.32 0.001125 1.620 0.027 182.1 0.943
16:19:15 16.321 0.001167 1.680 0.028 182.1 0.943
16:19:16 16.321 0.001167 1.680 0.028 182.1 0.943
16:19:18 16.322 0.001208 1.740 0.029 182.1 0.943
16:19:19 16.322 0.001208 1.740 0.029 181.9 0.939
16:19:21 16.322 0.001208 1.740 0.029 181.9 0.939
16:19:23 16.323 0.00125 1.800 0.03 181.8 0.938
16:19:24 16.323 0.00125 1.800 0.03 181.8 0.938
16:19:26 16.324 0.001292 1.860 0.031 181.7 0.936
16:19:27 16.324 0.001292 1.860 0.031 181.7 0.936
16:19:29 16.325 0.001333 1.920 0.032 181.4 0.931
16:19:30 16.325 0.001333 1.920 0.032 181.4 0.931
16:19:32 16.326 0.001375 1.980 0.033 181.4 0.931
16:19:34 16.326 0.001375 1.980 0.033 181.4 0.931
16:19:35 16.326 0.001375 1.980 0.033 181.3 0.930
16:19:37 16.327 0.001417 2.040 0.034 181.3 0.930
16:19:39 16.327 0.001417 2.040 0.034 181.2 0.928
16:19:40 16.328 0.001458 2.100 0.035 181.2 0.928
16:19:42 16.328 0.001458 2.100 0.035 181 0.925
16:19:43 16.329 0.0015 2.160 0.036 181 0.925
16:19:45 16.329 0.0015 2.160 0.036 180.8 0.921
16:19:46 16.33 0.001542 2.220 0.037 180.8 0.921
16:19:48 16.33 0.001542 2.220 0.037 180.8 0.921
16:19:50 16.33 0.001542 2.220 0.037 180.8 0.921
16:19:51 16.331 0.001583 2.280 0.038 180.6 0.918
16:19:53 16.331 0.001583 2.280 0.038 180.6 0.918
16:19:54 16.332 0.001625 2.340 0.039 180.5 0.917
16:19:56 16.332 0.001625 2.340 0.039 180.5 0.917
16:19:58 16.333 0.001667 2.400 0.04 180.5 0.917
16:19:59 16.333 0.001667 2.400 0.04 180.5 0.917
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Slug Test #2 Data

Slug Test #2 Data MCC 537 470'-521'

Time Time

Elapsed 
Time 

(days)

Elapsed 
Time 
(min)

Elapsed 
Time (hrs)

Pressure 
(psig) h/ho

16:20:01 16.334 0.001708 2.460 0.041 180.2 0.912
16:20:02 16.334 0.001708 2.460 0.041 180.2 0.912
16:20:04 16.334 0.001708 2.460 0.041 180.1 0.910
16:20:06 16.335 0.00175 2.520 0.042 180.1 0.910
16:20:07 16.335 0.00175 2.520 0.042 180 0.908
16:20:09 16.336 0.001792 2.580 0.043 180 0.908
16:20:10 16.336 0.001792 2.580 0.043 180 0.908
16:20:12 16.337 0.001833 2.640 0.044 180 0.908
16:20:14 16.337 0.001833 2.640 0.044 179.8 0.905
16:20:15 16.338 0.001875 2.700 0.045 179.8 0.905
16:20:17 16.338 0.001875 2.700 0.045 179.7 0.903
16:20:18 16.338 0.001875 2.700 0.045 179.7 0.903
16:20:20 16.339 0.001917 2.760 0.046 179.5 0.900
16:20:22 16.339 0.001917 2.760 0.046 179.5 0.900
16:20:23 16.34 0.001958 2.820 0.047 179.4 0.899
16:20:25 16.34 0.001958 2.820 0.047 179.4 0.899
16:20:26 16.341 0.002 2.880 0.048 179.2 0.895
16:20:28 16.341 0.002 2.880 0.048 179.2 0.895
16:20:29 16.341 0.002 2.880 0.048 179.1 0.894
16:20:31 16.342 0.002042 2.940 0.049 179.1 0.894
16:20:33 16.342 0.002042 2.940 0.049 179 0.892
16:20:34 16.343 0.002083 3.000 0.05 179 0.892
16:20:36 16.343 0.002083 3.000 0.05 178.9 0.890
16:20:37 16.344 0.002125 3.060 0.051 178.9 0.890
16:20:39 16.344 0.002125 3.060 0.051 178.8 0.889
16:20:41 16.345 0.002167 3.120 0.052 178.8 0.889
16:20:42 16.345 0.002167 3.120 0.052 178.6 0.885
16:20:44 16.345 0.002167 3.120 0.052 178.6 0.885
16:20:45 16.346 0.002208 3.180 0.053 178.6 0.885
16:20:47 16.346 0.002208 3.180 0.053 178.6 0.885
16:20:49 16.347 0.00225 3.240 0.054 178.5 0.884
16:20:50 16.347 0.00225 3.240 0.054 178.5 0.884
16:20:52 16.348 0.002292 3.300 0.055 178.4 0.882
16:20:53 16.348 0.002292 3.300 0.055 178.4 0.882
16:20:55 16.349 0.002333 3.360 0.056 178.2 0.879
16:20:57 16.349 0.002333 3.360 0.056 178.2 0.879
16:20:58 16.349 0.002333 3.360 0.056 178.1 0.877
16:21:00 16.35 0.002375 3.420 0.057 178.1 0.877
16:21:01 16.35 0.002375 3.420 0.057 177.6 0.869
16:21:03 16.351 0.002417 3.480 0.058 177.6 0.869
16:21:04 16.351 0.002417 3.480 0.058 177.4 0.866
16:21:06 16.352 0.002458 3.540 0.059 177.4 0.866
16:21:08 16.352 0.002458 3.540 0.059 177.3 0.864
16:21:09 16.353 0.0025 3.600 0.06 177.3 0.864
16:21:11 16.353 0.0025 3.600 0.06 176.8 0.856
16:21:13 16.353 0.0025 3.600 0.06 176.8 0.856
16:21:14 16.354 0.002542 3.660 0.061 176.2 0.846
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Slug Test #2 Data

Slug Test #2 Data MCC 537 470'-521'

Time Time

Elapsed 
Time 

(days)

Elapsed 
Time 
(min)

Elapsed 
Time (hrs)

Pressure 
(psig) h/ho

16:21:16 16.354 0.002542 3.660 0.061 176.2 0.846
16:21:17 16.355 0.002583 3.720 0.062 175.6 0.836
16:21:19 16.355 0.002583 3.720 0.062 175.6 0.836
16:21:20 16.356 0.002625 3.780 0.063 175.6 0.836
16:21:22 16.356 0.002625 3.780 0.063 175.6 0.836
16:21:24 16.357 0.002667 3.840 0.064 175.6 0.836
16:21:25 16.357 0.002667 3.840 0.064 175.6 0.836
16:21:27 16.357 0.002667 3.840 0.064 175.5 0.835
16:21:28 16.358 0.002708 3.900 0.065 175.5 0.835
16:21:30 16.358 0.002708 3.900 0.065 175.2 0.830
16:21:31 16.359 0.00275 3.960 0.066 175.2 0.830
16:21:33 16.359 0.00275 3.960 0.066 175.1 0.828
16:21:35 16.36 0.002792 4.020 0.067 175.1 0.828
16:21:36 16.36 0.002792 4.020 0.067 175 0.827
16:21:38 16.361 0.002833 4.080 0.068 175 0.827
16:21:40 16.361 0.002833 4.080 0.068 174.8 0.823
16:21:41 16.361 0.002833 4.080 0.068 174.8 0.823
16:21:43 16.362 0.002875 4.140 0.069 174.8 0.823
16:21:44 16.362 0.002875 4.140 0.069 174.8 0.823
16:21:46 16.363 0.002917 4.200 0.07 174.6 0.820
16:21:47 16.363 0.002917 4.200 0.07 174.6 0.820
16:21:49 16.364 0.002958 4.260 0.071 174.3 0.815
16:21:51 16.364 0.002958 4.260 0.071 174.3 0.815
16:21:52 16.365 0.003 4.320 0.072 174.2 0.813
16:21:54 16.365 0.003 4.320 0.072 174.2 0.813
16:21:55 16.365 0.003 4.320 0.072 174 0.810
16:21:57 16.366 0.003042 4.380 0.073 174 0.810
16:21:59 16.366 0.003042 4.380 0.073 173.9 0.809
16:22:00 16.367 0.003083 4.440 0.074 173.9 0.809
16:22:02 16.367 0.003083 4.440 0.074 173.8 0.807
16:22:03 16.368 0.003125 4.500 0.075 173.8 0.807
16:22:05 16.368 0.003125 4.500 0.075 173.6 0.804
16:22:07 16.368 0.003125 4.500 0.075 173.6 0.804
16:22:08 16.369 0.003167 4.560 0.076 173.6 0.804
16:22:10 16.369 0.003167 4.560 0.076 173.6 0.804
16:22:22 16.373 0.003333 4.800 0.08 173 0.794
16:22:27 16.374 0.003375 4.860 0.081 172.6 0.787
16:22:34 16.376 0.003458 4.980 0.083 172.3 0.782
16:22:40 16.378 0.003542 5.100 0.085 172.1 0.779
16:22:46 16.38 0.003625 5.220 0.087 171.8 0.774
16:22:53 16.381 0.003667 5.280 0.088 171.6 0.771
16:22:59 16.383 0.00375 5.400 0.09 171.4 0.768
16:23:05 16.385 0.003833 5.520 0.092 171.2 0.764
16:23:12 16.387 0.003917 5.640 0.094 171.1 0.763
16:23:18 16.388 0.003958 5.700 0.095 171 0.761
16:23:25 16.39 0.004042 5.820 0.097 171.2 0.764
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Slug Test #1 Plot
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Horslev Plot ST#1
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Slug Test #1 Data

Slug Test #1 Data MCC 537 470'-521'

Time Time

Elapsed 
Time 

(days)

Elapsed 
Time 
(min)

Elapsed 
Time (hrs)

Pressure 
(psig) h/ho

Static Pressure
16:03:31 16.059 124.6

16:03:33 16.059 0.00E+00 0.000 0.000 200.1 0.997
16:03:34 16.060 4.17E-05 0.060 0.001 200.1 0.997
16:03:36 16.060 4.17E-05 0.060 0.001 200.3 1.000
16:03:38 16.060 4.17E-05 0.060 0.001 200.3 1.000
16:03:39 16.061 8.33E-05 0.120 0.002 200.1 0.997
16:03:41 16.061 8.33E-05 0.120 0.002 200.1 0.997
16:03:42 16.062 1.25E-04 0.180 0.003 200 0.996
16:03:44 16.062 1.25E-04 0.180 0.003 200 0.996
16:03:46 16.063 1.67E-04 0.240 0.004 199.7 0.992
16:03:47 16.063 1.67E-04 0.240 0.004 199.7 0.992
16:03:49 16.064 2.08E-04 0.300 0.005 199.6 0.991
16:03:50 16.064 2.08E-04 0.300 0.005 199.6 0.991
16:03:52 16.064 2.08E-04 0.300 0.005 199.5 0.989
16:03:54 16.065 2.50E-04 0.360 0.006 199.5 0.989
16:03:55 16.065 2.50E-04 0.360 0.006 199.3 0.987
16:03:57 16.066 2.92E-04 0.420 0.007 199.3 0.987
16:03:58 16.066 2.92E-04 0.420 0.007 199.2 0.985
16:04:00 16.067 3.33E-04 0.480 0.008 199.2 0.985
16:04:01 16.067 3.33E-04 0.480 0.008 199.1 0.984
16:04:03 16.068 3.75E-04 0.540 0.009 199.1 0.984
16:04:05 16.068 3.75E-04 0.540 0.009 199 0.983
16:04:06 16.068 3.75E-04 0.540 0.009 199 0.983
16:04:08 16.069 4.17E-04 0.600 0.010 198.8 0.980
16:04:10 16.069 4.17E-04 0.600 0.010 198.8 0.980
16:04:11 16.070 4.58E-04 0.660 0.011 198.7 0.979
16:04:13 16.070 4.58E-04 0.660 0.011 198.7 0.979
16:04:14 16.071 5.00E-04 0.720 0.012 198.5 0.976
16:04:16 16.071 5.00E-04 0.720 0.012 198.5 0.976
16:04:18 16.072 5.42E-04 0.780 0.013 198.3 0.974
16:04:19 16.072 5.42E-04 0.780 0.013 198.3 0.974
16:04:21 16.072 5.42E-04 0.780 0.013 198.1 0.971
16:04:22 16.073 5.83E-04 0.840 0.014 198.1 0.971
16:04:24 16.073 5.83E-04 0.840 0.014 197.9 0.968
16:04:26 16.074 6.25E-04 0.900 0.015 197.9 0.968
16:04:27 16.074 6.25E-04 0.900 0.015 197.8 0.967
16:04:29 16.075 6.67E-04 0.960 0.016 197.8 0.967
16:04:30 16.075 6.67E-04 0.960 0.016 197.7 0.966
16:04:32 16.076 7.08E-04 1.020 0.017 197.7 0.966
16:04:33 16.076 7.08E-04 1.020 0.017 197.5 0.963
16:04:35 16.076 7.08E-04 1.020 0.017 197.5 0.963
16:04:37 16.077 7.50E-04 1.080 0.018 197.3 0.960
16:04:38 16.077 7.50E-04 1.080 0.018 197.3 0.960
16:04:40 16.078 7.92E-04 1.140 0.019 197.1 0.958
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Slug Test #1 Data

16:04:41 16.078 7.92E-04 1.140 0.019 197.1 0.958
16:04:43 16.079 8.33E-04 1.200 0.020 197.1 0.958
16:04:45 16.079 8.33E-04 1.200 0.020 197.1 0.958
16:04:46 16.079 8.33E-04 1.200 0.020 197 0.956
16:04:48 16.080 8.75E-04 1.260 0.021 197 0.956
16:04:49 16.080 8.75E-04 1.260 0.021 196.9 0.955
16:04:51 16.081 9.17E-04 1.320 0.022 196.9 0.955
16:04:52 16.081 9.17E-04 1.320 0.022 196.6 0.951
16:04:54 16.082 9.58E-04 1.380 0.023 196.6 0.951
16:04:56 16.082 9.58E-04 1.380 0.023 196.4 0.948
16:04:57 16.083 1.00E-03 1.440 0.024 196.4 0.948
16:04:59 16.083 1.00E-03 1.440 0.024 196.3 0.947
16:05:00 16.083 1.00E-03 1.440 0.024 196.3 0.947
16:05:02 16.084 1.04E-03 1.500 0.025 196.2 0.946
16:05:04 16.084 1.04E-03 1.500 0.025 196.2 0.946
16:05:05 16.085 1.08E-03 1.560 0.026 196.2 0.946
16:05:07 16.085 1.08E-03 1.560 0.026 196.2 0.946
16:05:08 16.086 1.12E-03 1.620 0.027 195.9 0.942
16:05:10 16.086 1.12E-03 1.620 0.027 195.9 0.942
16:05:12 16.087 1.17E-03 1.680 0.028 195.9 0.942
16:05:13 16.087 1.17E-03 1.680 0.028 195.9 0.942
16:05:15 16.087 1.17E-03 1.680 0.028 195.8 0.941
16:05:16 16.088 1.21E-03 1.740 0.029 195.8 0.941
16:05:18 16.088 1.21E-03 1.740 0.029 195.6 0.938
16:05:20 16.089 1.25E-03 1.800 0.030 195.6 0.938
16:05:21 16.089 1.25E-03 1.800 0.030 195.5 0.937
16:05:23 16.090 1.29E-03 1.860 0.031 195.5 0.937
16:05:24 16.090 1.29E-03 1.860 0.031 195.4 0.935
16:05:26 16.091 1.33E-03 1.920 0.032 195.4 0.935
16:05:28 16.091 1.33E-03 1.920 0.032 195.2 0.933
16:05:29 16.091 1.33E-03 1.920 0.032 195.2 0.933
16:05:31 16.092 1.37E-03 1.980 0.033 195.1 0.931
16:05:32 16.092 1.37E-03 1.980 0.033 195.1 0.931
16:05:34 16.093 1.42E-03 2.040 0.034 195 0.930
16:05:36 16.093 1.42E-03 2.040 0.034 195 0.930
16:05:37 16.094 1.46E-03 2.100 0.035 195 0.930
16:05:52 16.098 1.62E-03 2.340 0.039 195 0.930
16:05:56 16.099 1.67E-03 2.400 0.040 194.3 0.921
16:06:01 16.100 1.71E-03 2.460 0.041 194.1 0.918
16:06:06 16.102 1.79E-03 2.580 0.043 193.9 0.915
16:06:11 16.103 1.83E-03 2.640 0.044 193.8 0.914
16:06:22 16.106 1.96E-03 2.820 0.047 193.7 0.913
16:06:28 16.108 2.04E-03 2.940 0.049 193.1 0.905
16:06:35 16.110 2.12E-03 3.060 0.051 192.9 0.902
16:06:52 16.114 2.29E-03 3.300 0.055 192.6 0.898
16:07:03 16.118 2.46E-03 3.540 0.059 192 0.890
16:07:16 16.121 2.58E-03 3.720 0.062 191.6 0.885
16:07:27 16.124 2.71E-03 3.900 0.065 191.2 0.880
16:07:54 16.132 3.04E-03 4.380 0.073 190.3 0.868
16:08:07 16.135 3.17E-03 4.560 0.076 189.9 0.863
16:08:20 16.139 3.33E-03 4.800 0.080 189.5 0.857
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Slug Test #1 Data

16:08:33 16.142 3.46E-03 4.980 0.083 189 0.851
16:08:45 16.146 3.62E-03 5.220 0.087 188.7 0.847
16:08:58 16.149 3.75E-03 5.400 0.090 188.3 0.841
16:09:11 16.153 3.92E-03 5.640 0.094 187.9 0.836
16:09:23 16.156 4.04E-03 5.820 0.097 187.6 0.832
16:09:36 16.160 4.21E-03 6.060 0.101 187.1 0.826
16:09:49 16.164 4.38E-03 6.300 0.105 186.8 0.822
16:10:02 16.167 4.50E-03 6.480 0.108 186.4 0.816
16:10:14 16.171 4.67E-03 6.720 0.112 185.9 0.810
16:10:27 16.174 4.79E-03 6.900 0.115 185.5 0.804
16:10:40 16.178 4.96E-03 7.140 0.119 185.2 0.801
16:10:53 16.181 5.08E-03 7.320 0.122 184.9 0.797
16:11:05 16.185 5.25E-03 7.560 0.126 184.4 0.790
16:11:18 16.188 5.37E-03 7.740 0.129 184.1 0.786
16:11:31 16.192 5.54E-03 7.980 0.133 183.8 0.782
16:11:44 16.195 5.67E-03 8.160 0.136 183.4 0.777
16:11:56 16.199 5.83E-03 8.400 0.140 182.9 0.770
16:12:09 16.203 6.00E-03 8.640 0.144 182.7 0.768
16:12:22 16.206 6.12E-03 8.820 0.147 182.4 0.764
16:12:35 16.210 6.29E-03 9.060 0.151 181.9 0.757
16:12:47 16.213 6.42E-03 9.240 0.154 181.6 0.753
16:13:00 16.217 6.58E-03 9.480 0.158 181.2 0.748
16:13:13 16.220 6.71E-03 9.660 0.161 180.9 0.744
16:13:26 16.224 6.87E-03 9.900 0.165 180.5 0.738
16:13:38 16.227 7.00E-03 10.080 0.168 180.2 0.734
16:13:51 16.231 7.17E-03 10.320 0.172 180.2 0.734
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Step Rate Test
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Draft
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Fracture Point: 332 psi
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

16:25:26 16.424 7.5 253
16:25:32 16.426 7.5 253.5
16:25:38 16.427 7.5 253.9
16:25:45 16.429 7.5 254.1
16:25:51 16.431 7.5 253.8
16:25:58 16.433 7.5 253.4
16:26:04 16.434 7.5 253.2
16:26:10 16.436 7.5 252.6
16:26:17 16.438 7.5 252.2
16:26:23 16.44 7.5 250.2
16:26:30 16.442 7.5 248.5
16:26:36 16.443 7.5 245.7
16:26:42 16.445 7.5 243.5
16:26:49 16.447 7.5 243.4
16:26:55 16.449 7.5 243.6
16:27:01 16.45 7.5 243.7
16:27:08 16.452 7.5 244.2
16:27:14 16.454 7.5 244.7
16:27:21 16.456 7.5 244.2
16:27:27 16.457 7.5 243.1
16:27:33 16.459 7.5 242.3
16:27:40 16.461 7.5 241.8
16:27:46 16.463 7.5 240.9
16:27:52 16.465 7.5 240.4
16:27:59 16.466 7.5 240.4
16:28:05 16.468 7.5 241.5
16:28:11 16.47 7.5 244.6
16:28:18 16.472 7.5 246.2
16:28:24 16.473 7.5 247
16:28:31 16.475 7.5 247.6
16:28:37 16.477 7.5 248.4
16:28:43 16.479 7.5 248.8
16:28:50 16.48 7.5 249.4
16:28:56 16.482 7.5 247.2
16:29:02 16.484 7.5 246.8
16:29:09 16.486 7.5 247.4
16:29:15 16.488 7.5 248.2
16:29:21 16.489 7.5 249.2
16:29:28 16.491 7.5 250.4
16:29:34 16.493 7.5 251.4
16:29:41 16.495 7.5 252
16:29:47 16.496 7.5 252.2
16:29:53 16.498 7.5 252.6
16:30:00 16.5 7.5 251.7
16:30:13 16.503 7.5 250.4
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

16:30:19 16.505 7.5 250.5
16:30:25 16.507 7.5 250.8
16:30:32 16.509 7.5 251.1
16:30:38 16.511 7.5 251.1
16:30:44 16.512 7.5 250.4
16:30:51 16.514 7.5 250.6
16:30:57 16.516 7.5 251.1
16:31:04 16.518 7.5 251.4
16:31:10 16.519 7.5 252.5
16:31:16 16.521 7.5 251.5
16:31:23 16.523 7.5 250.8
16:31:29 16.525 7.5 250.8
16:31:36 16.527 7.5 250.3
16:31:42 16.528 7.5 250.4
16:31:48 16.53 7.5 250.2
16:31:54 16.532 7.5 250.1
16:32:01 16.534 7.5 250.9
16:32:07 16.535 7.5 250.9
16:32:14 16.537 7.5 250.8
16:32:20 16.539 7.5 251.6
16:32:26 16.541 7.5 251.5
16:32:33 16.542 7.5 251.6
16:32:39 16.544 7.5 251.2
16:32:46 16.546 7.5 251.5
16:32:52 16.548 7.5 251.2
16:32:58 16.55 7.5 251.7
16:33:05 16.551 7.5 251.4
16:33:11 16.553 9.5 254.9
16:33:17 16.555 9.5 260.6
16:33:24 16.557 9.5 261.9
16:33:30 16.558 9.5 260.3
16:33:37 16.56 9.5 256.2
16:33:43 16.562 9.5 257.1
16:33:49 16.564 9.5 265.7
16:33:56 16.565 9.5 274.4
16:34:02 16.567 9.5 274.5
16:34:08 16.569 9.5 270.6
16:34:15 16.571 9.5 264.4
16:34:21 16.573 9.5 262.2
16:34:27 16.574 9.5 262
16:34:34 16.576 9.5 263.7
16:34:40 16.578 9.5 264.7
16:34:47 16.58 9.5 264.2
16:34:53 16.581 9.5 264.4
16:34:59 16.583 9.5 265.1
16:35:06 16.585 9.5 265
16:35:19 16.588 9.5 267
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

16:35:25 16.59 9.5 269
16:35:31 16.592 9.5 268.8
16:35:38 16.594 9.5 269
16:35:44 16.596 9.5 269.4
16:35:50 16.597 9.5 266
16:35:57 16.599 9.5 263.3
16:36:27 16.607 9.5 264.1
16:36:57 16.616 9.5 260.5
16:37:28 16.624 9.5 263.2
16:37:58 16.633 9.5 262.2
16:38:28 16.641 9.5 266.8
16:38:58 16.65 9.5 263.5
16:39:29 16.658 9.5 262.2
16:39:59 16.666 9.5 264.8
16:40:29 16.675 9.5 263
16:40:59 16.683 9.5 260.8
16:41:30 16.692 9.5 264.4
16:42:00 16.7 9.5 264.3
16:42:30 16.708 9.5 264.3
16:43:00 16.717 9.5 264.7
16:43:31 16.725 9.5 261.3
16:44:01 16.734 9.5 263
16:44:31 16.742 12.5 203.8
16:45:02 16.75 12.5 215.4
16:45:32 16.759 12.5 287.7
16:46:02 16.767 12.5 277.4
16:46:32 16.776 12.5 280.1
16:47:03 16.784 12.5 282.7
16:47:33 16.793 12.5 282.2
16:48:03 16.801 12.5 282.4
16:48:34 16.809 12.5 281.2
16:49:04 16.818 12.5 280.1
16:49:34 16.826 12.5 282.5
16:50:04 16.835 12.5 281.2
16:50:35 16.843 12.5 283.4
16:51:35 16.86 12.5 291.7
16:52:44 16.879 12.5 288.9
16:53:14 16.887 12.5 292.2
16:53:44 16.896 12.5 291
16:54:15 16.904 12.5 293.6
16:54:45 16.912 12.5 291
16:55:15 16.921 14.5 304
16:55:46 16.929 14.5 304.3
16:56:16 16.938 14.5 294.9
16:56:46 16.946 14.5 302.1
16:57:17 16.955 14.5 304.5
16:58:17 16.971 14.5 298.6
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

16:58:47 16.98 14.5 296
16:59:19 16.989 14.5 296.4
16:59:49 16.997 14.5 299.1
17:00:20 17.005 14.5 301.3
17:00:50 17.014 14.5 300.7
17:01:20 17.022 14.5 300.5
17:01:51 17.031 14.5 301
17:02:21 17.039 14.5 298.1
17:02:51 17.048 14.5 297.9
17:03:22 17.056 14.5 300.4
17:03:52 17.064 14.5 302.3
17:04:20 17.072 14.5 300.7
17:04:22 17.073 14.5 301.6
17:04:25 17.074 14.5 303.6
17:04:29 17.075 14.5 303.5
17:04:32 17.075 14.5 302
17:04:35 17.076 14.5 302.2
17:04:38 17.077 14.5 302
17:04:41 17.078 14.5 303.6
17:04:45 17.079 14.5 302
17:04:51 17.081 14.5 304.5
17:04:54 17.082 14.5 300.3
17:04:57 17.083 14.5 302.2
17:05:01 17.083 14.5 302.8
17:05:04 17.084 14.5 303.6
17:05:07 17.085 16 309.3
17:05:10 17.086 16 323.8
17:05:13 17.087 16 321.7
17:05:16 17.088 16 319.3
17:05:20 17.089 16 318.5
17:05:23 17.09 16 320
17:05:26 17.091 16 315.4
17:05:29 17.091 16 315.5
17:05:32 17.092 16 313.6
17:05:36 17.093 16 329.5
17:05:39 17.094 16 326.8
17:05:42 17.095 16 324.5
17:05:45 17.096 16 317.4
17:05:48 17.097 16 329.5
17:05:51 17.098 16 325.9
17:05:55 17.099 16 326.2
17:05:58 17.099 16 328.6
17:06:01 17.1 16 330
17:06:04 17.101 16 328.1
17:06:07 17.102 16 328.5
17:06:11 17.103 16 327.5
17:06:17 17.105 16 327.4
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

17:06:20 17.106 16 328.1
17:06:24 17.107 16 328.7
17:06:27 17.107 16 328.4
17:06:30 17.108 16 323.1
17:06:33 17.109 16 326.3
17:07:06 17.118 16 326.7
17:07:37 17.127 16 327.9
17:08:07 17.135 16 329
17:08:37 17.144 16 332.7
17:09:08 17.152 16 329
17:09:38 17.161 16 319.5
17:10:08 17.169 16 320.9
17:10:39 17.177 16 319.4
17:11:09 17.186 16 319
17:11:39 17.194 16 311
17:12:10 17.203 16 314
17:12:40 17.211 16 316.1
17:13:10 17.219 16 318.7
17:13:40 17.228 16 316.8
17:14:11 17.236 16 319.8
17:14:41 17.245 16 313.1
17:14:56 17.249 28 314.4
17:14:59 17.25 28 207.2
17:15:02 17.25 28 197.8
17:15:05 17.251 28 202.5
17:15:08 17.252 28 210.2
17:15:11 17.253 28 229.8
17:15:14 17.254 28 255.8
17:15:18 17.255 28 267.9
17:15:21 17.256 28 298.5
17:15:24 17.257 28 309.8
17:15:27 17.258 28 328.8
17:15:31 17.258 28 323.4
17:15:34 17.259 28 341.4
17:15:37 17.26 28 340.9
17:15:40 17.261 28 342.8
17:15:43 17.262 28 342.7
17:15:46 17.263 28 358.8
17:15:50 17.264 28 353.5
17:15:53 17.265 28 363.7
17:15:56 17.266 28 360.5
17:15:59 17.266 28 361.5
17:16:02 17.267 28 359.9
17:16:05 17.268 28 367.8
17:16:09 17.269 28 366.5
17:16:12 17.27 28 369.6
17:16:18 17.272 28 372
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MCC 537

Step-Rate Injection Test Data MCC 537 470'-521'

Time Time
Pumping 
Rate (gpm)

Pressure 
(psig)

17:16:22 17.273 28 371
17:16:25 17.274 28 367.6
17:16:28 17.274 28 373.2
17:16:31 17.275 28 371.1
17:16:34 17.276 28 373.2
17:16:38 17.277 28 372.7
17:16:41 17.278 28 373.8
17:16:44 17.279 28 372.8
17:16:47 17.28 28 374.1
17:16:50 17.281 28 374
17:16:54 17.282 28 374.4
17:16:57 17.282 28 374.1
17:17:00 17.283 28 373.1
17:17:03 17.284 30.5 373.7
17:17:33 17.293 30.5 376.6
17:18:04 17.301 30.5 375.8
17:18:34 17.309 30.5 378.6
17:19:04 17.318 30.5 380.4
17:19:35 17.326 30.5 379.4
17:20:24 17.34 30.5 382.3
17:20:54 17.348 30.5 387.1
17:21:25 17.357 30.5 383.7
17:21:55 17.365 30.5 385.7
17:22:25 17.374 30.5 383.6
17:22:28 17.375 30.5 380.2
17:22:32 17.375 30.5 384.5
17:22:35 17.376 30.5 383.7
17:22:38 17.377 30.5 381.6
17:22:41 17.378 30.5 383.5 End Test
17:22:44 17.379 203.1
17:22:48 17.38 193.8

Summary of Injection Data
7.5 251.4
9.5 263

12.5 291
14.5 303.6

16 313.1
28 373.1

30.5 383.5
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Slug Test Data MCC 544 913'-1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
13:56:33 13.943 0.000 0.000 0.000 337.3 -

13:56:35 13.943 0.000 0.000 0.000 392.5 1.000
13:56:36 13.943 0.000 0.000 0.000 392.5 1.000
13:56:38 13.944 0.001 0.060 0.000 389.6 0.947
13:56:40 13.944 0.001 0.060 0.000 389.6 0.947
13:56:41 13.945 0.002 0.120 0.000 390 0.955
13:56:43 13.945 0.002 0.120 0.000 390 0.955
13:56:44 13.946 0.003 0.180 0.000 390.1 0.957
13:56:46 13.946 0.003 0.180 0.000 390.1 0.957
13:56:48 13.947 0.004 0.240 0.000 390 0.955
13:56:49 13.947 0.004 0.240 0.000 390 0.955
13:56:51 13.947 0.004 0.240 0.000 390.1 0.957
13:56:52 13.948 0.005 0.300 0.000 390.1 0.957
13:56:54 13.948 0.005 0.300 0.000 389.9 0.953
13:56:56 13.949 0.006 0.360 0.000 389.9 0.953
13:56:57 13.949 0.006 0.360 0.000 389.9 0.953
13:56:59 13.95 0.007 0.420 0.000 389.9 0.953
13:57:00 13.95 0.007 0.420 0.000 389.9 0.953
13:57:02 13.951 0.008 0.480 0.000 389.9 0.953
13:57:04 13.951 0.008 0.480 0.000 389.9 0.953
13:57:05 13.951 0.008 0.480 0.000 389.9 0.953
13:57:07 13.952 0.009 0.540 0.000 389.9 0.953
13:57:08 13.952 0.009 0.540 0.000 389.9 0.953
13:57:10 13.953 0.010 0.600 0.000 389.7 0.949
13:57:11 13.953 0.010 0.600 0.000 389.7 0.949
13:57:13 13.954 0.011 0.660 0.000 389.8 0.951
13:57:15 13.954 0.011 0.660 0.000 389.8 0.951
13:57:16 13.955 0.012 0.720 0.001 389.7 0.949
13:57:18 13.955 0.012 0.720 0.001 389.7 0.949
13:57:20 13.955 0.012 0.720 0.001 389.7 0.949
13:57:21 13.956 0.013 0.780 0.001 389.7 0.949
13:57:23 13.956 0.013 0.780 0.001 389.6 0.947
13:57:24 13.957 0.014 0.840 0.001 389.6 0.947
13:57:26 13.957 0.014 0.840 0.001 389.6 0.947
13:57:28 13.958 0.015 0.900 0.001 389.6 0.947
13:57:29 13.958 0.015 0.900 0.001 389.6 0.947
13:57:31 13.958 0.015 0.900 0.001 389.6 0.947
13:57:32 13.959 0.016 0.960 0.001 389.6 0.947
13:57:34 13.959 0.016 0.960 0.001 389.6 0.947
13:57:35 13.96 0.017 1.020 0.001 389.6 0.947
13:57:37 13.96 0.017 1.020 0.001 389.6 0.947
13:57:39 13.961 0.018 1.080 0.001 389.5 0.946
13:57:40 13.961 0.018 1.080 0.001 389.5 0.946
13:57:42 13.962 0.019 1.140 0.001 389.4 0.944
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Slug Test Data MCC 544 913'-1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

13:57:43 13.962 0.019 1.140 0.001 389.4 0.944
13:57:45 13.962 0.019 1.140 0.001 389.4 0.944
13:57:47 13.963 0.020 1.200 0.001 389.4 0.944
13:57:48 13.963 0.020 1.200 0.001 389.4 0.944
13:57:50 13.964 0.021 1.260 0.001 389.4 0.944
13:57:51 13.964 0.021 1.260 0.001 389.4 0.944
13:57:53 13.965 0.022 1.320 0.001 389.4 0.944
13:57:55 13.965 0.022 1.320 0.001 389.4 0.944
13:57:56 13.966 0.023 1.380 0.001 389.4 0.944
13:57:58 13.966 0.023 1.380 0.001 389.4 0.944
13:57:59 13.966 0.023 1.380 0.001 389.4 0.944
13:58:01 13.967 0.024 1.440 0.001 389.3 0.942
13:58:02 13.967 0.024 1.440 0.001 389.3 0.942
13:58:04 13.968 0.025 1.500 0.001 389.3 0.942
13:58:06 13.968 0.025 1.500 0.001 389.3 0.942
13:58:07 13.969 0.026 1.560 0.001 389.2 0.940
13:58:38 13.977 0.034 2.040 0.001 389 0.937
13:59:08 13.985 0.042 2.520 0.002 388.7 0.931
13:59:38 13.994 0.051 3.060 0.002 388.5 0.928
14:00:08 14.002 0.059 3.540 0.002 388.2 0.922
14:00:39 14.011 0.068 4.080 0.003 387.9 0.917
14:01:09 14.019 0.076 4.560 0.003 387.7 0.913
14:01:39 14.028 0.085 5.100 0.004 387.3 0.906
14:02:10 14.036 0.093 5.580 0.004 387 0.900
14:02:40 14.044 0.101 6.060 0.004 386.8 0.897
14:04:21 14.072 0.129 7.740 0.005 385.9 0.880
14:04:51 14.081 0.138 8.280 0.006 385.8 0.879
14:05:21 14.089 0.146 8.760 0.006 385.5 0.873
14:05:51 14.098 0.155 9.300 0.006 385.2 0.868
14:06:23 14.106 0.163 9.780 0.007 385 0.864
14:06:54 14.115 0.172 10.320 0.007 384.8 0.861
14:07:24 14.123 0.180 10.800 0.007 384.5 0.855
14:07:54 14.132 0.189 11.340 0.008 384.2 0.850
14:08:25 14.14 0.197 11.820 0.008 384.1 0.848
14:08:55 14.149 0.206 12.360 0.009 383.7 0.841
14:09:27 14.157 0.214 12.840 0.009 383.6 0.839
14:09:57 14.166 0.223 13.380 0.009 383.2 0.832
14:10:58 14.183 0.240 14.400 0.010 382.9 0.826
14:11:58 14.199 0.256 15.360 0.011 382.3 0.815
14:12:59 14.216 0.273 16.380 0.011 381.9 0.808
14:13:59 14.233 0.290 17.400 0.012 381.5 0.801
14:15:00 14.25 0.307 18.420 0.013 381 0.792
14:16:01 14.267 0.324 19.440 0.014 380.4 0.781
14:17:01 14.284 0.341 20.460 0.014 380 0.774
14:18:00 14.3 0.357 21.420 0.015 380 0.774
14:19:01 14.317 0.374 22.440 0.016 379.9 0.772
14:20:01 14.334 0.391 23.460 0.016 379.4 0.763
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Slug Test Data MCC 544 913'-1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

14:21:02 14.351 0.408 24.480 0.017 378.9 0.754
14:22:03 14.367 0.424 25.440 0.018 378.5 0.746
14:23:03 14.384 0.441 26.460 0.018 378 0.737
14:24:04 14.401 0.458 27.480 0.019 377.8 0.734
14:27:18 14.455 0.512 30.720 0.021 376.6 0.712
14:33:24 14.557 0.614 36.840 0.026 374.4 0.672
14:36:24 14.607 0.664 39.840 0.028 373.4 0.654
14:39:24 14.657 0.714 42.840 0.030 372.4 0.636
14:42:26 14.707 0.764 45.840 0.032 371.6 0.621
14:45:26 14.757 0.814 48.840 0.034 370.6 0.603
14:49:37 14.827 0.884 53.040 0.037 369.4 0.582
14:52:38 14.877 0.934 56.040 0.039 368.6 0.567
14:55:39 14.927 0.984 59.040 0.041 367.8 0.553
14:58:39 14.978 1.035 62.100 0.043 367.1 0.540
15:01:41 15.028 1.085 65.100 0.045 366.2 0.524
15:04:41 15.078 1.135 68.100 0.047 365.4 0.509
15:07:41 15.128 1.185 71.100 0.049 364.9 0.500
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Slug Test Data MCC 544 425'-491'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
13:23:41 13.395 - - - 124.2 -

13:24:13 13.404 0.000 0.000 0.000 170.8 1.000
13:24:44 13.412 0.008 0.480 0.000 160.5 0.779
13:25:14 13.42 0.016 0.960 0.001 155.1 0.663
13:25:44 13.429 0.025 1.500 0.001 150.4 0.562
13:26:14 13.437 0.033 1.980 0.001 147 0.489
13:26:45 13.446 0.042 2.520 0.002 143.9 0.423
13:27:15 13.454 0.050 3.000 0.002 141.5 0.371
13:27:45 13.463 0.059 3.540 0.002 139.2 0.322
13:28:16 13.471 0.067 4.020 0.003 137.4 0.283
13:28:46 13.479 0.075 4.500 0.003 135.8 0.249
13:29:18 13.488 0.084 5.040 0.003 134.3 0.217
13:29:48 13.497 0.093 5.580 0.004 133.2 0.193
13:30:18 13.505 0.101 6.060 0.004 131.9 0.165
13:30:49 13.513 0.109 6.540 0.005 131.1 0.148
13:31:19 13.522 0.118 7.080 0.005 130.1 0.127
13:31:51 13.531 0.127 7.620 0.005 129 0.103
13:32:21 13.539 0.135 8.100 0.006 128.6 0.094
13:32:51 13.548 0.144 8.640 0.006 127.9 0.079
13:33:22 13.556 0.152 9.120 0.006 127.4 0.069
13:33:52 13.564 0.160 9.600 0.007 126.7 0.054
13:34:24 13.573 0.169 10.140 0.007 126.3 0.045
13:34:54 13.582 0.178 10.680 0.007 126 0.039
13:35:24 13.59 0.186 11.160 0.008 125.5 0.028
13:35:55 13.598 0.194 11.640 0.008 125.1 0.019
13:36:26 13.607 0.203 12.180 0.008 124.8 0.013
13:36:57 13.616 0.212 12.720 0.009 124.5 0.006
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Step Rate Injection Test MCC 544 425'-491'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

14:42:31 14.709 0.000 0.000 18 136.5
14:43:02 14.717 0.008 0.480 18 151.2
14:43:32 14.726 0.017 1.020 18 166
14:44:02 14.734 0.025 1.500 18 179.4
14:44:34 14.743 0.034 2.040 18 192.4
14:45:04 14.751 0.042 2.520 18 200.7
14:45:35 14.76 0.051 3.060 18 206.1
14:46:06 14.768 0.059 3.540 18 210.7
14:47:21 14.789 0.080 4.800 18 214.6
14:47:53 14.798 0.089 5.340 18 215.2
14:48:23 14.807 0.098 5.880 18 215.2
14:48:54 14.815 0.106 6.360 18 216.6
14:49:24 14.823 0.114 6.840 18 216.8
14:49:54 14.832 0.123 7.380 18 217.4
14:50:26 14.841 0.132 7.920 18 218.5
14:50:56 14.849 0.140 8.400 18 218.7
14:51:27 14.857 0.148 8.880 18 218.3
14:51:57 14.866 0.157 9.420 21 241.5
14:52:27 14.874 0.165 9.900 21 247.8
14:52:59 14.883 0.174 10.440 21 248.7
14:53:29 14.892 0.183 10.980 21 251.7
14:54:00 14.9 0.191 11.460 21 251.1
14:54:30 14.908 0.199 11.940 21 219.4
14:55:00 14.917 0.208 12.480 21 204.4
14:55:31 14.925 0.216 12.960 21 232.9
14:56:01 14.934 0.225 13.500 38 267.2
14:56:17 14.938 0.229 13.740 38 271.7
14:56:22 14.939 0.230 13.800 38 270.7
14:56:27 14.941 0.232 13.920 38 271.6
14:56:31 14.942 0.233 13.980 38 271.2
14:57:01 14.95 0.241 14.460 38 270.8
14:57:32 14.959 0.250 15.000 38 271.3
14:58:02 14.967 0.258 15.480 38 267.9
14:58:32 14.976 0.267 16.020 38 268.9
14:59:03 14.984 0.275 16.500 38 268.1
14:59:33 14.993 0.284 17.040 38 267.7
15:00:03 15.001 0.292 17.520 38 266.4
15:00:34 15.009 0.300 18.000 38 265.7
15:01:04 15.018 0.309 18.540 38 267.7
15:01:34 15.026 0.317 19.020 38 278.7
15:02:05 15.035 0.326 19.560 38 276.1
15:02:35 15.043 0.334 20.040 45 233.9
15:03:05 15.051 0.342 20.520 45 291.2
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Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

15:03:36 15.06 0.351 21.060 45 292.1
15:04:06 15.068 0.359 21.540 45 290.8
15:04:36 15.077 0.368 22.080 45 290.8
15:05:06 15.085 0.376 22.560 45 288.8
15:05:37 15.094 0.385 23.100 45 289.3
15:06:07 15.102 0.393 23.580 45 290.3
15:06:37 15.11 0.401 24.060 45 289.3
15:07:08 15.119 0.410 24.600 45 289
15:07:38 15.127 0.418 25.080 45 288.2
15:08:08 15.136 0.427 25.620 45 288.2 End Test
15:08:39 15.144 0.435 26.100 273.6
15:09:09 15.153 0.444 26.640 173.4
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

Static Pressure
8:35:08 8.585 0.000 0.000 0.000 180.2

8:35:38 8.594 0.009 0.540 0.000 206.4
8:36:08 8.602 0.017 1.020 0.001 234.3
8:36:38 8.611 0.026 1.560 0.001 259.5
8:37:09 8.619 0.034 2.040 0.001 287.1
8:37:41 8.628 0.043 2.580 0.002 313.4
8:38:11 8.636 0.051 3.060 0.002 337.1
8:38:41 8.645 0.060 3.600 0.002 338.5
8:39:11 8.653 0.068 4.080 0.003 337.3
8:39:42 8.662 0.077 4.620 0.003 337.2
8:40:12 8.67 0.085 5.100 0.004 340.5
8:40:42 8.678 0.093 5.580 0.004 345.7
8:41:12 8.687 0.102 6.120 0.004 351.2
8:41:43 8.695 0.110 6.600 0.005 356.1
8:42:56 8.716 0.131 7.860 0.005 367.9
8:42:59 8.716 0.131 7.860 0.005 368.7
8:43:02 8.717 0.132 7.920 0.005 369.3
8:43:06 8.718 0.133 7.980 0.006 369.7
8:43:09 8.719 0.134 8.040 0.006 370.2
8:43:12 8.72 0.135 8.100 0.006 370.6
8:43:15 8.721 0.136 8.160 0.006 371
8:43:18 8.722 0.137 8.220 0.006 371.6
8:43:22 8.723 0.138 8.280 0.006 371.8
8:43:25 8.724 0.139 8.340 0.006 372.5
8:43:28 8.724 0.139 8.340 0.006 372.9
8:43:31 8.725 0.140 8.400 0.006 373.3
8:43:34 8.726 0.141 8.460 0.006 373.8
8:43:37 8.727 0.142 8.520 0.006 374.4
8:43:41 8.728 0.143 8.580 0.006 374.6
8:43:44 8.729 0.144 8.640 0.006 375.2
8:43:47 8.73 0.145 8.700 0.006 375.5
8:43:50 8.731 0.146 8.760 0.006 376.3
8:43:53 8.731 0.146 8.760 0.006 376.7
8:43:57 8.732 0.147 8.820 0.006 377.2
8:44:00 8.733 0.148 8.880 0.006 377.5
8:44:03 8.734 0.149 8.940 0.006 378
8:44:06 8.735 0.150 9.000 0.006 378.3
8:44:09 8.736 0.151 9.060 0.006 378.9
8:44:12 8.737 0.152 9.120 0.006 379.4
8:44:16 8.738 0.153 9.180 0.006 380
8:44:19 8.739 0.154 9.240 0.006 380
8:44:22 8.739 0.154 9.240 0.006 380.1
8:44:25 8.74 0.155 9.300 0.006 380.6
8:44:29 8.741 0.156 9.360 0.006 380.9
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

8:44:32 8.742 0.157 9.420 0.007 381.6
8:44:35 8.743 0.158 9.480 0.007 381.8
8:44:38 8.744 0.159 9.540 0.007 382.2
8:44:41 8.745 0.160 9.600 0.007 382.7
8:44:44 8.746 0.161 9.660 0.007 383.2
8:48:31 8.809 0.224 13.440 0.009 338.9
8:48:34 8.809 0.224 13.440 0.009 337.8
8:48:37 8.81 0.225 13.500 0.009 337.2
8:48:40 8.811 0.226 13.560 0.009 335.9
8:48:44 8.812 0.227 13.620 0.009 335.4
8:48:47 8.813 0.228 13.680 0.009 334.7
8:48:52 8.814 0.229 13.740 0.010 334
8:48:55 8.815 0.230 13.800 0.010 333.5
8:48:58 8.816 0.231 13.860 0.010 333.1
8:49:01 8.817 0.232 13.920 0.010 332.6
8:49:04 8.818 0.233 13.980 0.010 332.3
8:49:08 8.819 0.234 14.040 0.010 331.9
8:49:12 8.82 0.235 14.100 0.010 331.4
8:49:16 8.821 0.236 14.160 0.010 331
8:49:19 8.822 0.237 14.220 0.010 330.7
8:49:22 8.823 0.238 14.280 0.010 330.5
8:49:25 8.824 0.239 14.340 0.010 330.2
8:49:28 8.825 0.240 14.400 0.010 330
8:49:31 8.825 0.240 14.400 0.010 330
8:49:35 8.826 0.241 14.460 0.010 329.7
8:49:38 8.827 0.242 14.520 0.010 329.6
8:49:41 8.828 0.243 14.580 0.010 329.4
8:49:44 8.829 0.244 14.640 0.010 329.1
8:49:47 8.83 0.245 14.700 0.010 329.2
8:49:51 8.831 0.246 14.760 0.010 329
8:50:08 8.836 0.251 15.060 0.010 328.1
8:50:16 8.838 0.253 15.180 0.011 328.6
8:50:21 8.839 0.254 15.240 0.011 328.6
8:50:26 8.84 0.255 15.300 0.011 328.2
8:50:30 8.842 0.257 15.420 0.011 328.2
8:50:35 8.843 0.258 15.480 0.011 327.1
8:50:40 8.844 0.259 15.540 0.011 327.4
8:50:45 8.846 0.261 15.660 0.011 327.4
8:50:50 8.847 0.262 15.720 0.011 327.2
8:50:54 8.848 0.263 15.780 0.011 327.3
8:50:59 8.85 0.265 15.900 0.011 326.9
8:51:04 8.851 0.266 15.960 0.011 388.7
8:51:09 8.852 0.267 16.020 0.011 382.2
8:51:13 8.854 0.269 16.140 0.011 383.2
8:51:18 8.855 0.270 16.200 0.011 383.3
8:51:23 8.856 0.271 16.260 0.011 383.5
8:51:28 8.858 0.273 16.380 0.011 383.5
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

8:51:33 8.859 0.274 16.440 0.011 383.3
8:51:37 8.86 0.275 16.500 0.011 383.3
8:51:42 8.862 0.277 16.620 0.012 383.1
8:51:47 8.863 0.278 16.680 0.012 383.7
8:51:52 8.864 0.279 16.740 0.012 383
8:51:57 8.866 0.281 16.860 0.012 382.7
8:52:01 8.867 0.282 16.920 0.012 382.9
8:52:06 8.868 0.283 16.980 0.012 382.8
8:52:11 8.87 0.285 17.100 0.012 382.7
8:52:16 8.871 0.286 17.160 0.012 382.7
8:52:21 8.872 0.287 17.220 0.012 382.8
8:52:25 8.874 0.289 17.340 0.012 383
8:52:30 8.875 0.290 17.400 0.012 382.6
8:52:35 8.876 0.291 17.460 0.012 382.7
8:52:39 8.878 0.293 17.580 0.012 382.7
8:52:44 8.879 0.294 17.640 0.012 382.7
8:52:49 8.88 0.295 17.700 0.012 382.5
8:52:54 8.882 0.297 17.820 0.012 382.5
8:52:59 8.883 0.298 17.880 0.012 382.5
8:53:03 8.884 0.299 17.940 0.012 382.3
8:53:08 8.886 0.301 18.060 0.013 382.3
8:53:13 8.887 0.302 18.120 0.013 382.2
8:53:18 8.888 0.303 18.180 0.013 382.6
8:53:48 8.897 0.312 18.720 0.013 381.7
8:54:18 8.905 0.320 19.200 0.013 381.3
8:54:49 8.914 0.329 19.740 0.014 381.1
8:55:19 8.922 0.337 20.220 0.014 381.1
8:55:49 8.93 0.345 20.700 0.014 377
8:56:20 8.939 0.354 21.240 0.015 340.9
8:56:50 8.947 0.362 21.720 0.015 333.4
8:57:20 8.956 0.371 22.260 0.015 330.4
8:57:51 8.964 0.379 22.740 0.016 328.6
8:58:21 8.972 0.387 23.220 0.016 327.7
8:58:51 8.981 0.396 23.760 0.017 327.1
8:59:22 8.989 0.404 24.240 0.017 327
8:59:52 8.998 0.413 24.780 0.017 326.7
9:00:22 9.006 0.421 25.260 0.018 326.4
9:00:52 9.015 0.430 25.800 0.018 325.9
9:01:23 9.023 0.438 26.280 0.018 326.2
9:01:53 9.031 0.446 26.760 0.019 325.7
9:02:23 9.04 0.455 27.300 0.019 325.6
9:02:54 9.048 0.463 27.780 0.019 325.6
9:03:24 9.057 0.472 28.320 0.020 325.4
9:03:54 9.065 0.480 28.800 0.020 325.5
9:04:25 9.074 0.489 29.340 0.020 325.3
9:04:55 9.082 0.497 29.820 0.021 325.2
9:05:25 9.09 0.505 30.300 0.021 325.7
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

9:05:56 9.099 0.514 30.840 0.021 325.2
9:06:26 9.107 0.522 31.320 0.022 325.1
9:06:56 9.116 0.531 31.860 0.022 325.5
9:07:26 9.124 0.539 32.340 0.022 325.2
9:07:57 9.132 0.547 32.820 0.023 325
9:08:27 9.141 0.556 33.360 0.023 325.1
9:08:58 9.149 0.564 33.840 0.023 325
9:09:28 9.158 0.573 34.380 0.024 325
9:09:58 9.166 0.581 34.860 0.024 325.5
9:10:28 9.175 0.590 35.400 0.025 325
9:10:59 9.183 0.598 35.880 0.025 324.6
9:11:29 9.191 0.606 36.360 0.025 324.6
9:11:59 9.2 0.615 36.900 0.026 325.1
9:12:30 9.208 0.623 37.380 0.026 324.5
9:13:00 9.217 0.632 37.920 0.026 324.5
9:13:30 9.225 0.640 38.400 0.027 324.7
9:14:00 9.233 0.648 38.880 0.027 324.7
9:14:31 9.242 0.657 39.420 0.027 324.7
9:15:01 9.25 0.665 39.900 0.028 325.2
9:15:31 9.259 0.674 40.440 0.028 325.1
9:16:02 9.267 0.682 40.920 0.028 324.5
9:16:32 9.276 0.691 41.460 0.029 324.6
9:17:02 9.284 0.699 41.940 0.029 324.6
9:17:33 9.292 0.707 42.420 0.029 325.3
9:18:03 9.301 0.716 42.960 0.030 324.4
9:18:33 9.309 0.724 43.440 0.030 324.4
9:19:04 9.318 0.733 43.980 0.031 324.4
9:19:34 9.326 0.741 44.460 0.031 324.4
9:20:04 9.335 0.750 45.000 0.031 324.5
9:20:35 9.343 0.758 45.480 0.032 324.5
9:21:05 9.351 0.766 45.960 0.032 324.7
9:21:35 9.36 0.775 46.500 0.032 324.4
9:22:06 9.368 0.783 46.980 0.033 324.5
9:22:36 9.377 0.792 47.520 0.033 324.9
9:23:06 9.385 0.800 48.000 0.033 324.4
9:23:36 9.393 0.808 48.480 0.034 373.7
9:24:07 9.402 0.817 49.020 0.034 373.8
9:24:37 9.41 0.825 49.500 0.034 373.4
9:26:21 9.439 0.854 51.240 0.036 378.1
9:26:51 9.448 0.863 51.780 0.036 483.1
9:27:21 9.456 0.871 52.260 0.036 353.7
9:27:52 9.464 0.879 52.740 0.037 334.9
9:28:24 9.473 0.888 53.280 0.037 330.2
9:28:54 9.482 0.897 53.820 0.037 328.5
9:29:24 9.49 0.905 54.300 0.038 327.5
9:29:55 9.499 0.914 54.840 0.038 384.7
9:30:25 9.507 0.922 55.320 0.038 383.4
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

9:30:55 9.515 0.930 55.800 0.039 382.8
9:31:26 9.524 0.939 56.340 0.039 382.2
9:31:56 9.532 0.947 56.820 0.039 380
9:32:26 9.541 0.956 57.360 0.040 443.4
9:32:57 9.549 0.964 57.840 0.040 416
9:33:27 9.557 0.972 58.320 0.041 396.9
9:34:00 9.567 0.982 58.920 0.041 391.3
9:34:04 9.568 0.983 58.980 0.041 389.1
9:34:07 9.569 0.984 59.040 0.041 388.6
9:34:10 9.569 0.984 59.040 0.041 388.1
9:34:13 9.57 0.985 59.100 0.041 387.6
9:34:16 9.571 0.986 59.160 0.041 385.2
9:34:20 9.572 0.987 59.220 0.041 383.9
9:34:23 9.573 0.988 59.280 0.041 384.5
9:34:26 9.574 0.989 59.340 0.041 385.4
9:34:29 9.575 0.990 59.400 0.041 389.2
9:34:32 9.576 0.991 59.460 0.041 396
9:34:35 9.577 0.992 59.520 0.041 414.1
9:34:39 9.577 0.992 59.520 0.041 454.2
9:34:42 9.578 0.993 59.580 0.041 488
9:34:45 9.579 0.994 59.640 0.041 461.9
9:34:48 9.58 0.995 59.700 0.041 446.8
9:34:51 9.581 0.996 59.760 0.041 436.9
9:34:55 9.582 0.997 59.820 0.042 429.8
9:34:58 9.583 0.998 59.880 0.042 424.1
9:35:01 9.584 0.999 59.940 0.042 419.6
9:35:04 9.584 0.999 59.940 0.042 416
9:35:07 9.585 1.000 60.000 0.042 412.9
9:35:11 9.586 1.001 60.060 0.042 410.1
9:35:14 9.587 1.002 60.120 0.042 407.8
9:35:17 9.588 1.003 60.180 0.042 405.8
9:35:20 9.589 1.004 60.240 0.042 403.9
9:35:23 9.59 1.005 60.300 0.042 402.2
9:35:26 9.591 1.006 60.360 0.042 400.8
9:35:30 9.592 1.007 60.420 0.042 399.5
9:35:33 9.592 1.007 60.420 0.042 398.3
9:35:36 9.593 1.008 60.480 0.042 397.2
9:35:39 9.594 1.009 60.540 0.042 396.3
9:35:42 9.595 1.010 60.600 0.042 395.3
9:35:46 9.596 1.011 60.660 0.042 395.1
9:35:49 9.597 1.012 60.720 0.042 394.3
9:35:52 9.598 1.013 60.780 0.042 393.7
9:35:55 9.599 1.014 60.840 0.042 392.7
9:35:58 9.6 1.015 60.900 0.042 391.5
9:36:02 9.6 1.015 60.900 0.042 390.8
9:36:05 9.601 1.016 60.960 0.042 391.1
9:36:08 9.602 1.017 61.020 0.042 390.3
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Slug Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig)

9:36:11 9.603 1.018 61.080 0.042 389.2
9:36:14 9.604 1.019 61.140 0.042 388.6
9:36:18 9.605 1.020 61.200 0.043 388.2
9:36:21 9.606 1.021 61.260 0.043 387.7
9:36:24 9.607 1.022 61.320 0.043 387.3
9:36:27 9.608 1.023 61.380 0.043 387
9:36:30 9.608 1.023 61.380 0.043 386.6
9:36:34 9.609 1.024 61.440 0.043 386.2
9:36:37 9.61 1.025 61.500 0.043 385.8
9:37:07 9.619 1.034 62.040 0.043 383
9:37:37 9.627 1.042 62.520 0.043 380.5
9:38:08 9.635 1.050 63.000 0.044 380.2
9:38:38 9.644 1.059 63.540 0.044 388
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Step Rate Injection Test Data MCC 544 898'-964'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

9:39:08 9.652 0.000 0.000 4.4 413
9:39:39 9.661 0.009 0.540 4.4 433.9
9:40:09 9.669 0.017 1.020 4.4 455.8
9:40:39 9.678 0.026 1.560 4.4 452.1
9:41:10 9.686 0.034 2.040 4.4 451.9
9:41:40 9.694 0.042 2.520 4.4 452.6
9:42:10 9.703 0.051 3.060 4.4 452.2
9:42:41 9.711 0.059 3.540 4.4 452.5
9:43:11 9.72 0.068 4.080 4.4 452.4
9:43:41 9.728 0.076 4.560 4.4 452.6
9:44:11 9.737 0.085 5.100 4.4 452.6
9:44:42 9.745 0.093 5.580 4.4 453.1
9:45:12 9.753 0.101 6.060 4.4 454.1
9:45:42 9.762 0.110 6.600 4.4 453.1
9:46:13 9.77 0.118 7.080 4.4 453.7
9:46:43 9.779 0.127 7.620 4.4 453.8
9:47:13 9.787 0.135 8.100 4.4 452.6
9:47:44 9.795 0.143 8.580 4.4 452.2
9:48:14 9.804 0.152 9.120 4.4 470.9
9:48:44 9.812 0.160 9.600 4.4 457.1
9:49:15 9.821 0.169 10.140 4.4 454.5
9:49:45 9.829 0.177 10.620 4.4 454.5
9:50:15 9.838 0.186 11.160 4.4 453.5
9:50:45 9.846 0.194 11.640 4.4 452.8
9:51:16 9.854 0.202 12.120 4.4 452.2
9:51:46 9.863 0.211 12.660 4.4 452.6
9:52:17 9.871 0.219 13.140 4.4 452.8
9:52:47 9.88 0.228 13.680 4.4 452.8
9:53:17 9.888 0.236 14.160 4.4 452.5
9:53:47 9.896 0.244 14.640 4.4 453.1
9:54:18 9.905 0.253 15.180 4.4 453.2
9:54:48 9.913 0.261 15.660 4.4 452.6
9:55:18 9.922 0.270 16.200 4.4 452.9
9:55:49 9.93 0.278 16.680 4.4 453
9:56:19 9.939 0.287 17.220 4.4 453.6
9:56:49 9.947 0.295 17.700 4.4 454.2
9:57:20 9.955 0.303 18.180 4.4 454.4
9:57:50 9.964 0.312 18.720 5.3 467.6
9:58:20 9.972 0.320 19.200 5.3 515.1
9:58:51 9.981 0.329 19.740 5.3 513.1
9:59:21 9.989 0.337 20.220 5.3 516.3
9:59:51 9.998 0.346 20.760 5.3 515.7

10:00:21 10.006 0.354 21.240 5.3 517.4
10:00:52 10.014 0.362 21.720 5.3 516.9
10:01:22 10.023 0.371 22.260 5.3 517
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10:01:52 10.031 0.379 22.740 5.3 516.1
10:02:23 10.04 0.388 23.280 5.3 517.1
10:02:53 10.048 0.396 23.760 5.3 518.7
10:03:23 10.056 0.404 24.240 5.3 519.4
10:03:54 10.065 0.413 24.780 5.3 519
10:04:24 10.073 0.421 25.260 5.3 519.5
10:04:54 10.082 0.430 25.800 5.3 518.2
10:05:25 10.09 0.438 26.280 5.3 517.3
10:05:55 10.099 0.447 26.820 5.3 515.6
10:06:25 10.107 0.455 27.300 5.3 516
10:06:56 10.115 0.463 27.780 5.3 516.2
10:07:26 10.124 0.472 28.320 5.3 516.6
10:07:56 10.132 0.480 28.800 7.4 616.2
10:08:27 10.141 0.489 29.340 7.4 668.8
10:08:57 10.149 0.497 29.820 7.4 666.3
10:09:27 10.158 0.506 30.360 7.4 655.6
10:09:57 10.166 0.514 30.840 7.4 654.1
10:10:28 10.174 0.522 31.320 7.4 653
10:10:58 10.183 0.531 31.860 7.4 652.6
10:11:28 10.191 0.539 32.340 7.4 659.9
10:11:59 10.2 0.548 32.880 7.4 651.1
10:12:29 10.208 0.556 33.360 7.4 653.1
10:12:59 10.216 0.564 33.840 7.4 652.2
10:13:30 10.225 0.573 34.380 7.4 654.8
10:14:00 10.233 0.581 34.860 7.4 655.6
10:14:30 10.242 0.590 35.400 7.4 655.5
10:15:00 10.25 0.598 35.880 7.4 660.6
10:16:58 10.283 0.631 37.860 7.4 665.1
10:17:29 10.291 0.639 38.340 7.4 659.5
10:20:00 10.333 0.681 40.860 10.1 718.3
10:20:31 10.342 0.690 41.400 10.1 709.8
10:21:01 10.35 0.698 41.880 10.1 712.7
10:21:31 10.359 0.707 42.420 10.1 708.9
10:22:38 10.377 0.725 43.500 10.1 714.1
10:23:08 10.386 0.734 44.040 10.1 707
10:23:39 10.394 0.742 44.520 10.1 712.7
10:24:09 10.403 0.751 45.060 10.1 709.5
10:24:39 10.411 0.759 45.540 10.1 715.9
10:25:10 10.419 0.767 46.020 10.1 714.2
10:25:40 10.428 0.776 46.560 10.1 717.9
10:26:10 10.436 0.784 47.040 10.1 718.4 End Test
10:26:41 10.445 0.793 47.580 - 394.4
10:27:12 10.453 0.801 48.060 - 383.7

0520900.XLS Page 10



DRAFT

0521390.XLS Page 1

120

125

130

135

140

145

150

155

160

165

170

0.000 5.000 10.000 15.000 20.000 25.000 30.000 35.000 40.000 45.000 50.000

B
ot

to
m

-h
ol

e 
Pr

es
su

re
 (p

si
g)

Elapsed Time (min)

Slug Test 
MCC 544 389'-425'



DRAFT

0521390.XLS Page 2

0.0100

0.1000

1.0000

10.0000

0.000 5.000 10.000 15.000 20.000 25.000 30.000 35.000 40.000 45.000 50.000

h/
h

Elapsed Time (min)

Horslev Plot MCC 544 
389'-425'



Slug Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
9:47:56 9.799 - - - 109.9 -

9:48:01 9.8 0.001 0.060 0.000 166.4 1.0000
9:48:02 9.801 0.002 0.120 0.000 166.4 1.0000
9:48:04 9.801 0.002 0.120 0.000 166.4 1.0000
9:48:06 9.802 0.003 0.180 0.000 166.4 1.0000
9:48:07 9.802 0.003 0.180 0.000 166.4 1.0000
9:48:09 9.802 0.003 0.180 0.000 166.4 1.0000
9:48:10 9.803 0.004 0.240 0.000 166.2 0.9965
9:48:12 9.803 0.004 0.240 0.000 166.2 0.9965
9:48:14 9.804 0.005 0.300 0.000 166.4 1.0000
9:48:15 9.804 0.005 0.300 0.000 166.4 1.0000
9:48:17 9.805 0.006 0.360 0.000 166.4 1.0000
9:48:18 9.805 0.006 0.360 0.000 166.4 1.0000
9:48:20 9.806 0.007 0.420 0.000 165.6 0.9858
9:48:22 9.806 0.007 0.420 0.000 165.6 0.9858
9:48:23 9.806 0.007 0.420 0.000 165.5 0.9841
9:48:25 9.807 0.008 0.480 0.000 165.5 0.9841
9:48:26 9.807 0.008 0.480 0.000 165.3 0.9805
9:48:28 9.808 0.009 0.540 0.000 165.3 0.9805
9:48:30 9.808 0.009 0.540 0.000 165 0.9752
9:48:31 9.809 0.010 0.600 0.000 165 0.9752
9:48:47 9.813 0.014 0.840 0.001 164.7 0.9699
9:48:49 9.813 0.014 0.840 0.001 164.8 0.9717
9:49:19 9.822 0.023 1.380 0.001 164.1 0.9593
9:49:49 9.83 0.031 1.860 0.001 164.1 0.9593
9:50:19 9.839 0.040 2.400 0.002 163.3 0.9451
9:50:50 9.847 0.048 2.880 0.002 162.9 0.9381
9:51:20 9.856 0.057 3.420 0.002 162.4 0.9292
9:51:50 9.864 0.065 3.900 0.003 161.8 0.9186
9:52:20 9.872 0.073 4.380 0.003 161.3 0.9097
9:52:50 9.881 0.082 4.920 0.003 160.9 0.9027
9:53:21 9.889 0.090 5.400 0.004 160.4 0.8938
9:53:51 9.898 0.099 5.940 0.004 160 0.8867
9:54:21 9.906 0.107 6.420 0.004 159.7 0.8814
9:54:52 9.914 0.115 6.900 0.005 159.5 0.8779
9:55:22 9.923 0.124 7.440 0.005 159.2 0.8726
9:56:59 9.95 0.151 9.060 0.006 157.9 0.8496
9:57:29 9.958 0.159 9.540 0.007 157.5 0.8425
9:58:00 9.967 0.168 10.080 0.007 157 0.8336
9:58:55 9.982 0.183 10.980 0.008 156.7 0.8283
9:59:25 9.99 0.191 11.460 0.008 156.2 0.8195

10:00:21 10.006 0.207 12.420 0.009 155.5 0.8071
10:00:53 10.015 0.216 12.960 0.009 155.3 0.8035
10:01:23 10.023 0.224 13.440 0.009 154.8 0.7947
10:01:54 10.032 0.233 13.980 0.010 154.6 0.7912
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Slug Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

10:02:24 10.04 0.241 14.460 0.010 154.2 0.7841
10:02:56 10.049 0.250 15.000 0.010 153.9 0.7788
10:03:26 10.057 0.258 15.480 0.011 153.5 0.7717
10:03:56 10.066 0.267 16.020 0.011 153.3 0.7681
10:04:26 10.074 0.275 16.500 0.011 152.8 0.7593
10:04:57 10.082 0.283 16.980 0.012 152.5 0.7540
10:05:27 10.091 0.292 17.520 0.012 152.2 0.7487
10:05:59 10.1 0.301 18.060 0.013 151.7 0.7398
10:06:29 10.108 0.309 18.540 0.013 151.7 0.7398
10:06:59 10.116 0.317 19.020 0.013 151.2 0.7310
10:07:31 10.125 0.326 19.560 0.014 150.7 0.7221
10:08:01 10.134 0.335 20.100 0.014 150.8 0.7239
10:08:32 10.142 0.343 20.580 0.014 150.3 0.7150
10:09:02 10.151 0.352 21.120 0.015 150 0.7097
10:09:32 10.159 0.360 21.600 0.015 150 0.7097
10:10:03 10.167 0.368 22.080 0.015 149.5 0.7009
10:10:34 10.176 0.377 22.620 0.016 149.3 0.6973
10:11:04 10.185 0.386 23.160 0.016 149.1 0.6938
10:11:35 10.193 0.394 23.640 0.016 148.6 0.6850
10:12:05 10.201 0.402 24.120 0.017 148.4 0.6814
10:12:35 10.21 0.411 24.660 0.017 148 0.6743
10:13:06 10.218 0.419 25.140 0.017 147.8 0.6708
10:13:36 10.227 0.428 25.680 0.018 147.7 0.6690
10:14:06 10.235 0.436 26.160 0.018 147.3 0.6619
10:14:36 10.243 0.444 26.640 0.019 147.1 0.6584
10:15:07 10.252 0.453 27.180 0.019 146.7 0.6513
10:15:37 10.26 0.461 27.660 0.019 146.5 0.6478
10:16:09 10.269 0.470 28.200 0.020 146.2 0.6425
10:16:39 10.277 0.478 28.680 0.020 145.9 0.6372
10:18:31 10.308 0.509 30.540 0.021 145.2 0.6248
10:19:01 10.317 0.518 31.080 0.022 144.8 0.6177
10:19:31 10.325 0.526 31.560 0.022 144.5 0.6124
10:20:01 10.334 0.535 32.100 0.022 144.3 0.6088
10:20:33 10.343 0.544 32.640 0.023 144.1 0.6053
10:21:03 10.351 0.552 33.120 0.023 143.9 0.6018
10:21:34 10.359 0.560 33.600 0.023 143.6 0.5965
10:22:04 10.368 0.569 34.140 0.024 143.2 0.5894
10:22:34 10.376 0.577 34.620 0.024 143.1 0.5876
10:23:05 10.385 0.586 35.160 0.024 142.9 0.5841
10:23:35 10.393 0.594 35.640 0.025 142.4 0.5752
10:24:06 10.402 0.603 36.180 0.025 142.4 0.5752
10:24:37 10.41 0.611 36.660 0.025 142.2 0.5717
10:25:07 10.419 0.620 37.200 0.026 141.9 0.5664
10:25:37 10.427 0.628 37.680 0.026 141.4 0.5575
10:26:08 10.435 0.636 38.160 0.027 141.5 0.5593
10:26:38 10.444 0.645 38.700 0.027 141.4 0.5575
10:27:10 10.453 0.654 39.240 0.027 141.2 0.5540
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Slug Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

10:27:40 10.461 0.662 39.720 0.028 140.8 0.5469
10:28:10 10.47 0.671 40.260 0.028 140.6 0.5434
10:28:41 10.478 0.679 40.740 0.028 140.4 0.5398
10:29:11 10.486 0.687 41.220 0.029 140.1 0.5345
10:29:43 10.495 0.696 41.760 0.029 140 0.5327
10:30:13 10.504 0.705 42.300 0.029 139.8 0.5292
10:30:43 10.512 0.713 42.780 0.030 139.6 0.5257
10:31:13 10.52 0.721 43.260 0.030 139.2 0.5186
10:31:44 10.529 0.730 43.800 0.030 138.9 0.5133
10:32:14 10.537 0.738 44.280 0.031 139.1 0.5168
10:32:44 10.546 0.747 44.820 0.031 139 0.5150
10:33:16 10.554 0.755 45.300 0.031 138.6 0.5080
10:33:46 10.563 0.764 45.840 0.032 138.4 0.5044
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Fracture Pressure = 311 psi

Fracture Gradient:
= 311 psi/389 ft
= 0.80 psi/ft



Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

10:34:17 10.571 0.000 0.000 6.5 139.3
10:34:47 10.58 0.009 0.540 6.5 146.2
10:35:17 10.588 0.017 1.020 6.5 156.1
10:35:49 10.597 0.026 1.560 6.5 169.5
10:36:19 10.605 0.034 2.040 6.5 188.8
10:36:50 10.614 0.043 2.580 6.5 213.3
10:37:20 10.622 0.051 3.060 6.5 239.9
10:37:50 10.631 0.060 3.600 6.5 248.9
10:38:20 10.639 0.068 4.080 6.5 253.1
10:39:10 10.653 0.082 4.920 6.5 257.2
10:39:40 10.661 0.090 5.400 6.5 257.9
10:40:10 10.67 0.099 5.940 6.5 259.6
10:40:41 10.678 0.107 6.420 6.5 260.3
10:41:12 10.687 0.116 6.960 6.5 261.8
10:41:43 10.695 0.124 7.440 6.5 260.4
10:42:13 10.704 0.133 7.980 6.5 262
10:42:45 10.712 0.141 8.460 6.5 261.1
10:43:08 10.719 0.148 8.880 6.5 262.2
10:43:13 10.72 0.149 8.940 6.5 261.5
10:43:18 10.722 0.151 9.060 6.5 261.8
10:43:23 10.723 0.152 9.120 6.5 262.2
10:43:28 10.724 0.153 9.180 6.5 262.3
10:43:32 10.726 0.155 9.300 6.5 262.7
10:43:37 10.727 0.156 9.360 6.5 262.5
10:43:42 10.728 0.157 9.420 6.5 261.8
10:43:47 10.73 0.159 9.540 6.5 261.8
10:43:52 10.731 0.160 9.600 6.5 261.8
10:43:56 10.732 0.161 9.660 6.5 262.3
10:44:01 10.734 0.163 9.780 6.5 262.6
10:44:06 10.735 0.164 9.840 6.5 262.9
10:44:11 10.736 0.165 9.900 10.3 291.7
10:44:15 10.738 0.167 10.020 10.3 302
10:44:20 10.739 0.168 10.080 10.3 304.9
10:44:25 10.74 0.169 10.140 10.3 305.3
10:44:30 10.742 0.171 10.260 10.3 306.2
10:44:35 10.743 0.172 10.320 10.3 305
10:44:39 10.744 0.173 10.380 10.3 304.2
10:44:44 10.746 0.175 10.500 10.3 305.5
10:44:49 10.747 0.176 10.560 10.3 307.1
10:44:54 10.748 0.177 10.620 10.3 306.1
10:44:59 10.75 0.179 10.740 10.3 305.6
10:45:03 10.751 0.180 10.800 10.3 306.9
10:45:08 10.752 0.181 10.860 10.3 307.9
10:45:13 10.754 0.183 10.980 10.3 307
10:45:18 10.755 0.184 11.040 10.3 307.4
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

10:45:22 10.756 0.185 11.100 10.3 308.3
10:45:27 10.758 0.187 11.220 10.3 305.8
10:45:32 10.759 0.188 11.280 10.3 306
10:45:37 10.76 0.189 11.340 10.3 307.9
10:45:42 10.762 0.191 11.460 10.3 307.6
10:45:46 10.763 0.192 11.520 10.3 306.9
10:45:51 10.764 0.193 11.580 10.3 307.9
10:45:56 10.765 0.194 11.640 10.3 309
10:46:01 10.767 0.196 11.760 10.3 308.8
10:46:05 10.768 0.197 11.820 10.3 307.5
10:46:10 10.769 0.198 11.880 10.3 308.8
10:46:15 10.771 0.200 12.000 10.3 309.1
10:46:20 10.772 0.201 12.060 10.3 306.9
10:46:25 10.774 0.203 12.180 10.3 308
10:46:29 10.775 0.204 12.240 10.3 310.2
10:46:34 10.776 0.205 12.300 10.3 308.2
10:46:39 10.777 0.206 12.360 10.3 306.9
10:46:44 10.779 0.208 12.480 10.3 308.3
10:46:48 10.78 0.209 12.540 10.3 309.1
10:46:53 10.781 0.210 12.600 10.3 306.2
10:46:58 10.783 0.212 12.720 10.3 306.2
10:47:03 10.784 0.213 12.780 10.3 308.3
10:47:07 10.785 0.214 12.840 10.3 308.1
10:47:12 10.787 0.216 12.960 10.3 305.5
10:47:17 10.788 0.217 13.020 10.3 306.7
10:47:22 10.789 0.218 13.080 10.3 307.3
10:47:26 10.791 0.220 13.200 10.3 305.3
10:47:31 10.792 0.221 13.260 10.3 305.2
10:47:36 10.793 0.222 13.320 10.3 306.7
10:47:41 10.795 0.224 13.440 10.3 305.1
10:47:46 10.796 0.225 13.500 10.3 304.9
10:47:50 10.797 0.226 13.560 10.3 307.4
10:47:55 10.799 0.228 13.680 10.3 308.6
10:48:00 10.8 0.229 13.740 10.3 306.1
10:48:05 10.801 0.230 13.800 10.3 305.7
10:48:10 10.803 0.232 13.920 10.3 308.7
10:48:14 10.804 0.233 13.980 10.3 306.6
10:48:19 10.805 0.234 14.040 10.3 304.9
10:48:24 10.807 0.236 14.160 10.3 306.7
10:48:29 10.808 0.237 14.220 10.3 307.6
10:48:34 10.809 0.238 14.280 10.3 305.9
10:48:38 10.811 0.240 14.400 10.3 306.2
10:48:43 10.812 0.241 14.460 10.3 306.6
10:48:48 10.813 0.242 14.520 10.3 303.4
10:48:53 10.815 0.244 14.640 10.3 303.2
10:48:57 10.816 0.245 14.700 10.3 305.1
10:49:02 10.817 0.246 14.760 10.3 304.9
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

10:49:07 10.819 0.248 14.880 10.3 302.7
10:49:12 10.82 0.249 14.940 10.3 303.8
10:49:16 10.821 0.250 15.000 10.3 304.8
10:49:21 10.823 0.252 15.120 10.3 302.7
10:49:26 10.824 0.253 15.180 10.3 302.6
10:49:31 10.825 0.254 15.240 10.3 304.2
10:49:36 10.827 0.256 15.360 10.3 301.7
10:49:40 10.828 0.257 15.420 10.3 301
10:49:45 10.829 0.258 15.480 10.3 305.4
10:49:50 10.831 0.260 15.600 10.3 305.2
10:49:55 10.832 0.261 15.660 10.3 301.8
10:49:59 10.833 0.262 15.720 10.3 303.2
10:50:04 10.835 0.264 15.840 10.3 304.5
10:50:09 10.836 0.265 15.900 10.3 302.4
10:50:14 10.837 0.266 15.960 10.3 304.3
10:50:19 10.839 0.268 16.080 10.3 305.6
10:50:23 10.84 0.269 16.140 10.3 302.8
10:50:28 10.841 0.270 16.200 10.3 302.2
10:50:33 10.842 0.271 16.260 10.3 304.8
10:50:38 10.844 0.273 16.380 10.3 304.1
10:50:42 10.845 0.274 16.440 10.3 302.1
10:50:47 10.847 0.276 16.560 10.3 303.7
10:50:52 10.848 0.277 16.620 10.3 304.6
10:50:57 10.849 0.278 16.680 10.3 301.3
10:51:02 10.85 0.279 16.740 10.3 304.1
10:51:06 10.852 0.281 16.860 10.3 305.7
10:51:11 10.853 0.282 16.920 10.3 301.2
10:51:16 10.854 0.283 16.980 10.3 301
10:51:21 10.856 0.285 17.100 10.3 304.1
10:51:25 10.857 0.286 17.160 10.3 302.4
10:51:30 10.858 0.287 17.220 10.3 301.8
10:51:35 10.86 0.289 17.340 10.3 302.9
10:51:40 10.861 0.290 17.400 10.3 301.4
10:51:45 10.862 0.291 17.460 10.3 299.2
10:51:49 10.864 0.293 17.580 10.3 302.6
10:51:54 10.865 0.294 17.640 10.3 301.3
10:51:59 10.866 0.295 17.700 10.3 299.7
10:52:04 10.868 0.297 17.820 10.3 302
10:52:08 10.869 0.298 17.880 10.3 300.5
10:52:13 10.87 0.299 17.940 10.3 299.3
10:52:18 10.872 0.301 18.060 10.3 302.7
10:52:23 10.873 0.302 18.120 10.3 301.7
10:52:27 10.874 0.303 18.180 10.3 300
10:52:33 10.876 0.305 18.300 10.3 300.7
10:52:37 10.877 0.306 18.360 10.3 300.7
10:52:42 10.878 0.307 18.420 10.3 299.4
10:52:47 10.88 0.309 18.540 10.3 302.5
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

10:52:51 10.881 0.310 18.600 10.3 303.6
10:52:56 10.882 0.311 18.660 10.3 298.8
10:53:01 10.884 0.313 18.780 10.3 300.4
10:53:06 10.885 0.314 18.840 10.3 300.7
10:53:10 10.886 0.315 18.900 10.3 298
10:53:15 10.888 0.317 19.020 10.3 299.6
10:53:20 10.889 0.318 19.080 10.3 301.2
10:53:25 10.89 0.319 19.140 10.3 296.9
10:53:30 10.892 0.321 19.260 10.3 298.6
10:53:34 10.893 0.322 19.320 10.3 300.2
10:53:39 10.894 0.323 19.380 10.3 298.2
10:53:44 10.896 0.325 19.500 10.3 300.4
10:53:49 10.897 0.326 19.560 10.3 301.3
10:53:53 10.898 0.327 19.620 10.3 295.8
10:53:58 10.9 0.329 19.740 10.3 297.5
10:54:03 10.901 0.330 19.800 10.3 297.4
10:54:08 10.902 0.331 19.860 10.3 295.3
10:54:13 10.904 0.333 19.980 12 314.6
10:54:17 10.905 0.334 20.040 12 316.2
10:54:22 10.906 0.335 20.100 12 317.1
10:54:27 10.908 0.337 20.220 12 314.2
10:54:32 10.909 0.338 20.280 12 314.7
10:54:37 10.91 0.339 20.340 12 313.6
10:54:41 10.911 0.340 20.400 12 313.5
10:54:46 10.913 0.342 20.520 12 312.6
10:54:51 10.914 0.343 20.580 12 312.9
10:54:56 10.915 0.344 20.640 12 312.9
10:55:00 10.917 0.346 20.760 12 314.1
10:55:05 10.918 0.347 20.820 12 314.3
10:55:10 10.919 0.348 20.880 12 312.9
10:55:15 10.921 0.350 21.000 12 313.9
10:55:20 10.922 0.351 21.060 12 310.6
10:55:24 10.923 0.352 21.120 12 313
10:55:29 10.925 0.354 21.240 12 310.1
10:55:34 10.926 0.355 21.300 12 312.6
10:55:39 10.927 0.356 21.360 12 310
10:55:43 10.929 0.358 21.480 12 313
10:55:48 10.93 0.359 21.540 12 309.6
10:55:53 10.931 0.360 21.600 12 310.5
10:55:58 10.933 0.362 21.720 12 307.2
10:56:02 10.934 0.363 21.780 12 310.7
10:56:07 10.935 0.364 21.840 12 311.2
10:56:12 10.937 0.366 21.960 12 310.9
10:56:17 10.938 0.367 22.020 14.5 191.8
10:56:22 10.939 0.368 22.080 14.5 195
10:56:26 10.941 0.370 22.200 14.5 193.9
10:56:31 10.942 0.371 22.260 14.5 199.7
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

10:56:36 10.943 0.372 22.320 14.5 220.4
10:56:41 10.945 0.374 22.440 14.5 229
10:56:46 10.946 0.375 22.500 14.5 252.5
10:56:50 10.947 0.376 22.560 14.5 257.5
10:56:55 10.949 0.378 22.680 14.5 291.7
10:57:00 10.95 0.379 22.740 14.5 304.1
10:57:05 10.951 0.380 22.800 14.5 301.5
10:57:09 10.953 0.382 22.920 14.5 304.6
10:57:14 10.954 0.383 22.980 14.5 345.9
10:57:19 10.955 0.384 23.040 14.5 341.1
10:57:24 10.957 0.386 23.160 14.5 343.8
10:57:29 10.958 0.387 23.220 14.5 340.6
10:57:33 10.959 0.388 23.280 14.5 336.5
10:57:38 10.961 0.390 23.400 14.5 337.1
10:57:43 10.962 0.391 23.460 14.5 336.8
10:57:48 10.963 0.392 23.520 14.5 338.8
10:57:53 10.965 0.394 23.640 14.5 335.2
10:57:57 10.966 0.395 23.700 14.5 335.5
10:58:02 10.967 0.396 23.760 14.5 335.7
10:58:07 10.969 0.398 23.880 14.5 336.4
10:58:12 10.97 0.399 23.940 14.5 335.7
10:58:16 10.971 0.400 24.000 14.5 333
10:58:21 10.973 0.402 24.120 14.5 338.3
10:58:26 10.974 0.403 24.180 14.5 335.6
10:58:31 10.975 0.404 24.240 14.5 336.3
10:58:35 10.977 0.406 24.360 14.5 335.9
10:58:40 10.978 0.407 24.420 14.5 334.1
10:58:45 10.979 0.408 24.480 14.5 337.8
10:58:50 10.981 0.410 24.600 14.5 332.7
10:58:55 10.982 0.411 24.660 14.5 335.1
10:58:59 10.983 0.412 24.720 14.5 331.9
10:59:04 10.984 0.413 24.780 14.5 333.3
10:59:09 10.986 0.415 24.900 14.5 332.6
10:59:14 10.987 0.416 24.960 14.5 331
10:59:18 10.988 0.417 25.020 14.5 332.4
10:59:23 10.99 0.419 25.140 14.5 329.7
10:59:28 10.991 0.420 25.200 14.5 333.8
10:59:33 10.992 0.421 25.260 14.5 334.5
10:59:38 10.994 0.423 25.380 14.5 332.8
10:59:42 10.995 0.424 25.440 14.5 331.7
10:59:47 10.996 0.425 25.500 14.5 327.5
10:59:52 10.998 0.427 25.620 14.5 326.5
10:59:57 10.999 0.428 25.680 14.5 324.8
11:00:02 11 0.429 25.740 14.5 325.6
11:00:06 11.002 0.431 25.860 14.5 326.2
11:00:11 11.003 0.432 25.920 14.5 326.9
11:00:16 11.004 0.433 25.980 14.5 326.4
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

11:00:21 11.006 0.435 26.100 14.5 325
11:00:26 11.007 0.436 26.160 14.5 325
11:00:30 11.008 0.437 26.220 14.5 327.8
11:00:35 11.01 0.439 26.340 14.5 327.8
11:00:40 11.011 0.440 26.400 14.5 327.5
11:00:45 11.012 0.441 26.460 14.5 323.3
11:00:49 11.014 0.443 26.580 14.5 322.7
11:00:54 11.015 0.444 26.640 14.5 324.2
11:00:59 11.016 0.445 26.700 14.5 325.5
11:01:04 11.018 0.447 26.820 14.5 326.4
11:01:08 11.019 0.448 26.880 14.5 323.7
11:01:13 11.02 0.449 26.940 14.5 322.2
11:01:18 11.022 0.451 27.060 14.5 322.9
11:01:23 11.023 0.452 27.120 14.5 324.1
11:01:27 11.024 0.453 27.180 14.5 326.4
11:01:32 11.026 0.455 27.300 14.5 325.2
11:01:37 11.027 0.456 27.360 14.5 324.7
11:01:42 11.028 0.457 27.420 14.5 323
11:01:47 11.03 0.459 27.540 14.5 325.5
11:01:51 11.031 0.460 27.600 14.5 324.3
11:01:56 11.032 0.461 27.660 14.5 324.1
11:02:01 11.034 0.463 27.780 14.5 321.1
11:02:06 11.035 0.464 27.840 14.5 321.9
11:02:10 11.036 0.465 27.900 14.5 325
11:02:15 11.038 0.467 28.020 14.5 325.4
11:02:20 11.039 0.468 28.080 14.5 325
11:02:25 11.04 0.469 28.140 14.5 321.4
11:02:30 11.042 0.471 28.260 14.5 318.6
11:02:34 11.043 0.472 28.320 14.5 320.5
11:02:39 11.044 0.473 28.380 14.5 322.8
11:02:44 11.046 0.475 28.500 14.5 322.9
11:02:49 11.047 0.476 28.560 14.5 324
11:02:54 11.048 0.477 28.620 14.5 322.4
11:02:58 11.05 0.479 28.740 14.5 321.4
11:03:03 11.051 0.480 28.800 14.5 319.8
11:03:08 11.052 0.481 28.860 14.5 320.3
11:03:13 11.054 0.483 28.980 14.5 319.5
11:03:17 11.055 0.484 29.040 14.5 323.5
11:03:22 11.056 0.485 29.100 14.5 323.6
11:03:27 11.058 0.487 29.220 14.5 324.1
11:03:32 11.059 0.488 29.280 14.5 320.8
11:03:37 11.06 0.489 29.340 21 358.5
11:03:41 11.061 0.490 29.400 21 354
11:03:46 11.063 0.492 29.520 21 350.9
11:03:51 11.064 0.493 29.580 21 349
11:03:56 11.065 0.494 29.640 21 349.9
11:04:00 11.067 0.496 29.760 21 350.5
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

11:04:05 11.068 0.497 29.820 21 350.1
11:04:10 11.069 0.498 29.880 21 351.9
11:04:15 11.071 0.500 30.000 21 349.5
11:04:20 11.072 0.501 30.060 21 348.2
11:04:24 11.073 0.502 30.120 21 348.4
11:04:29 11.075 0.504 30.240 21 347.4
11:04:34 11.076 0.505 30.300 21 348.2
11:04:39 11.077 0.506 30.360 21 348.8
11:04:44 11.079 0.508 30.480 21 350.6
11:04:48 11.08 0.509 30.540 21 349.5
11:04:53 11.081 0.510 30.600 21 350.2
11:04:58 11.083 0.512 30.720 21 347.8
11:05:02 11.084 0.513 30.780 21 347.6
11:05:08 11.085 0.514 30.840 21 347.1
11:05:12 11.087 0.516 30.960 21 347.3
11:05:17 11.088 0.517 31.020 21 346.4
11:05:22 11.089 0.518 31.080 21 347.1
11:05:47 11.096 0.525 31.500 21 352.1
11:05:54 11.098 0.527 31.620 21 350.6
11:06:00 11.1 0.529 31.740 21 351
11:06:06 11.102 0.531 31.860 21 349.3
11:06:13 11.104 0.533 31.980 21 351.2
11:06:19 11.105 0.534 32.040 21 352.3
11:06:25 11.107 0.536 32.160 21 352.1
11:06:32 11.109 0.538 32.280 21 353.4
11:06:38 11.111 0.540 32.400 21 349.3
11:06:45 11.112 0.541 32.460 21 351
11:06:51 11.114 0.543 32.580 21 351.5
11:06:57 11.116 0.545 32.700 21 347.7
11:07:04 11.118 0.547 32.820 21 348.7
11:07:10 11.119 0.548 32.880 21 347.4
11:07:16 11.121 0.550 33.000 21 345.5
11:07:23 11.123 0.552 33.120 21 344.6
11:07:29 11.125 0.554 33.240 21 345.3
11:07:36 11.127 0.556 33.360 21 347.7
11:07:42 11.128 0.557 33.420 21 346.6
11:07:47 11.13 0.559 33.540 21 348.8
11:07:53 11.131 0.560 33.600 21 347.7
11:07:59 11.133 0.562 33.720 21 348.6
11:08:06 11.135 0.564 33.840 21 346.9
11:08:12 11.137 0.566 33.960 21 348
11:08:18 11.138 0.567 34.020 21 348.4
11:08:25 11.14 0.569 34.140 21 348.8
11:08:31 11.142 0.571 34.260 21 349.8
11:08:38 11.144 0.573 34.380 21 349
11:08:44 11.146 0.575 34.500 21 346.2
11:08:50 11.147 0.576 34.560 21 343.6
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Step Rate Injection Test Data MCC 544 389'-425'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(gpm)

11:08:57 11.149 0.578 34.680 21 345.4
11:09:03 11.151 0.580 34.800 21 344.9
11:09:09 11.153 0.582 34.920 21 345.6
11:09:16 11.154 0.583 34.980 21 345.8
11:09:22 11.156 0.585 35.100 21 346.7
11:09:29 11.158 0.587 35.220 21 346.1
11:09:35 11.16 0.589 35.340 21 347
11:09:41 11.161 0.590 35.400 21 348.8
11:09:48 11.163 0.592 35.520 21 347.8
11:09:54 11.165 0.594 35.640 21 347.1
11:10:00 11.167 0.596 35.760 309.8
11:10:07 11.169 0.598 35.880 190.2
11:10:13 11.17 0.599 35.940 174.8
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Slug Test Data MCC 540 983'-1019'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
16:00:37 16.01 - - - 367.8 -

16:04:40 16.078 0.000 0.000 0.000 420.5 1.000
16:05:11 16.086 0.008 0.480 0.000 419.5 0.981
16:05:41 16.095 0.017 1.020 0.001 419.3 0.977
16:06:32 16.109 0.031 1.860 0.001 418.8 0.968
16:07:02 16.117 0.039 2.340 0.002 418.6 0.964
16:07:33 16.126 0.048 2.880 0.002 418.3 0.958
16:08:03 16.134 0.056 3.360 0.002 418 0.953
16:08:33 16.143 0.065 3.900 0.003 417.8 0.949
16:09:04 16.151 0.073 4.380 0.003 417.6 0.945
16:09:34 16.159 0.081 4.860 0.003 417.4 0.941
16:10:04 16.168 0.090 5.400 0.004 417.2 0.937
16:10:35 16.176 0.098 5.880 0.004 417 0.934
16:11:05 16.185 0.107 6.420 0.004 416.6 0.926
16:11:35 16.193 0.115 6.900 0.005 416.5 0.924
16:12:06 16.202 0.124 7.440 0.005 416.3 0.920
16:12:36 16.21 0.132 7.920 0.006 416 0.915
16:13:06 16.218 0.140 8.400 0.006 416.1 0.917
16:13:37 16.227 0.149 8.940 0.006 415.8 0.911
16:14:07 16.235 0.157 9.420 0.007 415.4 0.903
16:14:37 16.244 0.166 9.960 0.007 415.3 0.901
16:15:08 16.252 0.174 10.440 0.007 415.1 0.898
16:15:38 16.261 0.183 10.980 0.008 415.1 0.898
16:16:08 16.269 0.191 11.460 0.008 414.8 0.892
16:16:39 16.277 0.199 11.940 0.008 414.6 0.888
16:17:09 16.286 0.208 12.480 0.009 414.4 0.884
16:17:39 16.294 0.216 12.960 0.009 414.4 0.884
16:18:10 16.303 0.225 13.500 0.009 414.1 0.879
16:21:10 16.353 0.275 16.500 0.011 413.1 0.860
16:21:41 16.361 0.283 16.980 0.012 412.9 0.856
16:22:11 16.37 0.292 17.520 0.012 412.9 0.856
16:22:41 16.378 0.300 18.000 0.013 412.9 0.856
16:23:12 16.387 0.309 18.540 0.013 412.7 0.852
16:23:42 16.395 0.317 19.020 0.013 412.5 0.848
16:24:12 16.403 0.325 19.500 0.014 412.5 0.848
16:24:43 16.412 0.334 20.040 0.014 412.2 0.843
16:25:13 16.42 0.342 20.520 0.014 412 0.839
16:25:43 16.429 0.351 21.060 0.015 412 0.839
16:26:46 16.446 0.368 22.080 0.015 411.5 0.829
16:27:16 16.454 0.376 22.560 0.016 411.5 0.829
16:27:46 16.463 0.385 23.100 0.016 411.3 0.825
16:28:17 16.471 0.393 23.580 0.016 411.4 0.827
16:29:38 16.494 0.416 24.960 0.017 410.8 0.816
16:30:08 16.502 0.424 25.440 0.018 410.7 0.814
16:30:39 16.511 0.433 25.980 0.018 410.7 0.814
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Slug Test Data MCC 540 983'-1019'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

16:31:09 16.519 0.441 26.460 0.018 410.5 0.810
16:31:39 16.528 0.450 27.000 0.019 410.6 0.812
16:32:10 16.536 0.458 27.480 0.019 410.2 0.805
16:32:40 16.544 0.466 27.960 0.019 410 0.801
16:33:10 16.553 0.475 28.500 0.020 410 0.801
16:33:41 16.561 0.483 28.980 0.020 409.8 0.797
16:34:11 16.57 0.492 29.520 0.021 409.8 0.797
16:34:41 16.578 0.500 30.000 0.021 410.1 0.803
16:35:12 16.587 0.509 30.540 0.021 409.7 0.795
16:35:42 16.595 0.517 31.020 0.022 409.4 0.789
16:36:13 16.603 0.525 31.500 0.022 409.4 0.789
16:36:43 16.612 0.534 32.040 0.022 409.2 0.786
16:37:13 16.62 0.542 32.520 0.023 409.1 0.784
16:37:44 16.629 0.551 33.060 0.023 408.9 0.780
16:38:14 16.637 0.559 33.540 0.023 408.9 0.780
16:38:44 16.646 0.568 34.080 0.024 408.7 0.776
16:39:14 16.654 0.576 34.560 0.024 408.7 0.776
16:39:45 16.662 0.584 35.040 0.024 408.4 0.770
16:40:15 16.671 0.593 35.580 0.025 408.3 0.769
16:40:45 16.679 0.601 36.060 0.025 408.2 0.767
16:41:16 16.688 0.610 36.600 0.025 408.2 0.767
16:41:46 16.696 0.618 37.080 0.026 407.9 0.761
16:42:16 16.705 0.627 37.620 0.026 407.9 0.761
16:42:47 16.713 0.635 38.100 0.026 407.9 0.761
16:43:19 16.722 0.644 38.640 0.027 407.6 0.755
16:43:49 16.73 0.652 39.120 0.027 407.5 0.753
16:44:19 16.739 0.661 39.660 0.028 407.5 0.753
16:44:50 16.747 0.669 40.140 0.028 407.2 0.748
16:45:20 16.756 0.678 40.680 0.028 407.2 0.748
16:45:50 16.764 0.686 41.160 0.029 407.1 0.746
16:46:21 16.772 0.694 41.640 0.029 407 0.744
16:46:51 16.781 0.703 42.180 0.029 406.9 0.742
16:47:21 16.789 0.711 42.660 0.030 406.8 0.740
16:47:52 16.798 0.720 43.200 0.030 406.7 0.738
16:48:22 16.806 0.728 43.680 0.030 406.5 0.734
16:48:53 16.815 0.737 44.220 0.031 406.5 0.734
16:49:24 16.823 0.745 44.700 0.031 406.3 0.731
16:49:55 16.832 0.754 45.240 0.031 406.3 0.731
16:50:25 16.84 0.762 45.720 0.032 406 0.725
16:50:55 16.849 0.771 46.260 0.032 406 0.725
16:51:26 16.857 0.779 46.740 0.032 406 0.725
16:51:56 16.866 0.788 47.280 0.033 405.8 0.721
16:53:16 16.888 0.810 48.600 0.034 405.6 0.717
16:53:46 16.896 0.818 49.080 0.034 405.4 0.713
16:54:52 16.914 0.836 50.160 0.035 405.1 0.708
16:55:22 16.923 0.845 50.700 0.035 405.1 0.708
16:55:52 16.931 0.853 51.180 0.036 404.9 0.704
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Slug Test Data MCC 540 983'-1019'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

16:56:23 16.94 0.862 51.720 0.036 404.9 0.704
16:56:53 16.948 0.870 52.200 0.036 404.8 0.702
16:57:23 16.956 0.878 52.680 0.037 404.7 0.700
16:57:54 16.965 0.887 53.220 0.037 404.4 0.694
16:58:24 16.973 0.895 53.700 0.037 404.5 0.696
16:59:25 16.99 0.912 54.720 0.038 404.4 0.694
16:59:55 16.999 0.921 55.260 0.038 404.5 0.696
17:00:25 17.007 0.929 55.740 0.039 404.4 0.694
17:00:56 17.015 0.937 56.220 0.039 404.1 0.689
17:01:26 17.024 0.946 56.760 0.039 404.1 0.689
17:03:46 17.063 0.985 59.100 0.041 403.7 0.681
17:05:46 17.096 1.018 61.080 0.042 403.2 0.672
17:07:46 17.129 1.051 63.060 0.044 402.7 0.662
17:09:45 17.163 1.085 65.100 0.045 402.5 0.658
17:11:45 17.196 1.118 67.080 0.047 402.1 0.651
17:13:45 17.229 1.151 69.060 0.048 401.8 0.645
17:15:45 17.262 1.184 71.040 0.049 401.5 0.639
17:17:45 17.296 1.218 73.080 0.051 401.1 0.632
17:19:44 17.329 1.251 75.060 0.052 400.8 0.626
17:21:44 17.362 1.284 77.040 0.054 400.4 0.619
17:22:29 17.375 1.297 77.820 0.054 400.2 0.615
17:22:59 17.383 1.305 78.300 0.054 400.4 0.619
17:24:38 17.411 1.333 79.980 0.056 399.9 0.609
17:25:08 17.419 1.341 80.460 0.056 399.7 0.605
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Step Rate Injection Test MCC 540 983'-1019'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

17:25:39 17.427 0.000 0.000 7 400
17:26:09 17.436 0.009 0.540 7 401
17:26:39 17.444 0.017 1.020 7 404.2
17:27:10 17.453 0.026 1.560 7 413.6
17:27:40 17.461 0.034 2.040 7 425.2
17:28:10 17.47 0.043 2.580 7 446.2
17:28:41 17.478 0.051 3.060 7 490.7
17:29:14 17.487 0.060 3.600 7 529.3
17:29:45 17.496 0.069 4.140 7 584.1
17:30:15 17.504 0.077 4.620 7 586.7
17:31:17 17.521 0.094 5.640 7 586.6
17:31:47 17.53 0.103 6.180 7 588.1
17:32:18 17.538 0.111 6.660 7 586
17:32:48 17.547 0.120 7.200 7 584.9
17:33:19 17.555 0.128 7.680 7 581.4
17:33:49 17.564 0.137 8.220 7 580.3
17:34:19 17.572 0.145 8.700 7 582.9
17:34:50 17.58 0.153 9.180 7 582.2
17:35:20 17.589 0.162 9.720 7 580.9
17:35:50 17.597 0.170 10.200 7 580.3
17:36:21 17.606 0.179 10.740 7 581.4 Increase Rate
17:36:51 17.614 0.187 11.220 950.9
17:37:21 17.623 0.196 11.760 1040.8
17:37:52 17.631 0.204 12.240 1063.8
17:38:22 17.639 0.212 12.720 1166.2 Fm. Fractured
17:38:52 17.648 0.221 13.260 1151.3
17:39:23 17.656 0.229 13.740 1153.5
17:39:53 17.665 0.238 14.280 1127.2
17:40:23 17.673 0.246 14.760 1128.6
17:40:54 17.682 0.255 15.300 1127.8
17:41:24 17.69 0.263 15.780 1124.6
17:41:54 17.698 0.271 16.260 1129.9
17:42:25 17.707 0.280 16.800 1118.2
17:42:55 17.715 0.288 17.280 1106.7
17:43:25 17.724 0.297 17.820 1107.8
17:43:56 17.732 0.305 18.300 1106.4
17:44:26 17.741 0.314 18.840 1108
17:44:57 17.749 0.322 19.320 1096.6
17:45:27 17.757 0.330 19.800 1121.8
17:45:57 17.766 0.339 20.340 1104.2
17:46:27 17.774 0.347 20.820 807.1
17:46:58 17.783 0.356 21.360 483.8

Note: Could not establish rate before formation fractured at 1166 psi.
Fracture gradient = 1166 psi/983 ft = 1.19 psi/ft.
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Slug Test Data MCC 540 504'-555'

Time Time 

Elapsed 
Time  
(hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
12:32:33 12.543 0.000 0.000 0.000 159.4 -

12:33:05 12.551 0.008 0.480 3.33E-04 205.4 1.000
12:33:35 12.560 0.017 1.020 7.08E-04 198.5 0.850
12:34:06 12.568 0.025 1.500 1.04E-03 193.0 0.730
12:34:36 12.577 0.034 2.040 1.42E-03 189.2 0.648
12:35:06 12.585 0.042 2.520 1.75E-03 185.4 0.565
12:35:36 12.593 0.050 3.000 2.08E-03 182.5 0.502
12:36:07 12.602 0.059 3.540 2.46E-03 179.6 0.439
12:36:37 12.610 0.067 4.020 2.79E-03 177.2 0.387
12:37:07 12.619 0.076 4.560 3.17E-03 175.0 0.339
12:37:38 12.627 0.084 5.040 3.50E-03 173.3 0.302
12:39:08 12.652 0.109 6.540 4.54E-03 168.4 0.196
12:39:39 12.661 0.118 7.080 4.92E-03 167.2 0.170
12:40:09 12.669 0.126 7.560 5.25E-03 166.0 0.143
12:40:39 12.678 0.135 8.100 5.63E-03 165.1 0.124
12:41:10 12.686 0.143 8.580 5.96E-03 164.2 0.104
12:41:40 12.694 0.151 9.060 6.29E-03 163.3 0.085
12:42:10 12.703 0.160 9.600 6.67E-03 162.6 0.070
12:42:40 12.711 0.168 10.080 7.00E-03 162.2 0.061
12:43:11 12.720 0.177 10.620 7.38E-03 161.4 0.043
12:43:42 12.728 0.185 11.100 7.71E-03 161.0 0.035
12:44:13 12.737 0.194 11.640 8.08E-03 160.6 0.026
12:44:43 12.745 0.202 12.120 8.42E-03 160.3 0.020
12:45:13 12.754 0.211 12.660 8.79E-03 160.0 0.013
12:45:45 12.763 0.220 13.200 9.17E-03 159.6 0.004
12:46:15 12.771 0.228 13.680 9.50E-03 159.5 0.002
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Step Rate Injection Test Data MCC 540 504'-555'

Time Time

Injection 
Rate 
(gpm)

Elapsed 
Time  
(hrs)

Elapsed 
Time 
(min)

Pressure 
(psig)

Static Pressure
12:57:18 12.955 157.3

12:57:49 12.963 9.3 0.008 0.48 158.1
12:58:19 12.972 9.3 0.017 1.02 161.4
12:58:49 12.98 9.3 0.025 1.5 168.5
12:59:19 12.989 9.3 0.034 2.04 174.8
12:59:50 12.997 9.3 0.042 2.52 179.6
13:00:20 13.006 9.3 0.051 3.06 185
13:00:50 13.014 9.3 0.059 3.54 190.7
13:01:21 13.022 9.3 0.067 4.02 199.4
13:01:51 13.031 9.3 0.076 4.56 205.5
13:02:21 13.039 9.3 0.084 5.04 210.8
13:02:51 13.048 9.3 0.093 5.58 214.1
13:03:22 13.056 9.3 0.101 6.06 216
13:03:52 13.064 9.3 0.109 6.54 216.8
13:04:59 13.083 9.3 0.128 7.68 217.9
13:05:29 13.091 9.3 0.136 8.16 218.3
13:05:59 13.1 9.3 0.145 8.7 218.6
13:06:30 13.108 9.3 0.153 9.18 219
13:07:00 13.117 9.3 0.162 9.72 219
13:07:32 13.125 14.5 0.17 10.2 228.1
13:08:02 13.134 14.5 0.179 10.74 240
13:08:32 13.142 14.5 0.187 11.22 243.7
13:09:03 13.151 14.5 0.196 11.76 246.4
13:09:33 13.159 14.5 0.204 12.24 248
13:10:03 13.168 14.5 0.213 12.78 249.4
13:10:33 13.176 14.5 0.221 13.26 250.6
13:11:05 13.185 14.5 0.23 13.8 250.7
13:11:35 13.193 14.5 0.238 14.28 251.8
13:12:06 13.202 20 0.247 14.82 216.2
13:12:36 13.21 20 0.255 15.3 266.7
13:13:06 13.218 20 0.263 15.78 276.5
13:13:37 13.227 20 0.272 16.32 279.5
13:14:07 13.235 20 0.28 16.8 281.6
13:14:37 13.244 20 0.289 17.34 282.4
13:15:07 13.252 20 0.297 17.82 283.2
13:15:38 13.26 20 0.305 18.3 282.6
13:16:57 13.283 20 0.328 19.68 285.3
13:17:28 13.291 27 0.336 20.16 312.8
13:17:58 13.299 27 0.344 20.64 319.1
13:18:28 13.308 27 0.353 21.18 319.8
13:18:58 13.316 27 0.361 21.66 321.6
13:19:29 13.325 27 0.37 22.2 323.3
13:19:59 13.333 27 0.378 22.68 326.4
13:20:29 13.341 27 0.386 23.16 328.8
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Step Rate Injection Test Data MCC 540 504'-555'

Time Time

Injection 
Rate 
(gpm)

Elapsed 
Time  
(hrs)

Elapsed 
Time 
(min)

Pressure 
(psig)

13:20:59 13.35 27 0.395 23.7 331.3
13:21:30 13.358 27 0.403 24.18 331.4
13:22:00 13.367 27 0.412 24.72 333.4
13:22:30 13.375 29 0.42 25.2 344.7
13:23:01 13.383 29 0.428 25.68 344.7
13:23:31 13.392 29 0.437 26.22 346.4
13:24:03 13.401 29 0.446 26.76 346.4
13:24:33 13.409 29 0.454 27.24 348.5
13:25:03 13.418 29 0.463 27.78 346.9
13:25:34 13.426 29 0.471 28.26 345.9
13:26:04 13.434 29 0.479 28.74 344.9
13:26:34 13.443 29 0.488 29.28 344.5
13:27:04 13.451 29 0.496 29.76 345.7 End Test
13:27:35 13.46 0.505 30.3 207.4
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Slug Test Data MCC 540 651'-702'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
9:24:07 9.402 - - - 224.2 -

9:24:38 9.410 0.008 0.480 3.33E-04 277.0 1.00
9:25:08 9.419 0.017 1.020 7.08E-04 274.9 0.96
9:25:38 9.427 0.025 1.500 1.04E-03 273.7 0.94
9:26:09 9.436 0.034 2.040 1.42E-03 272.1 0.91
9:27:14 9.454 0.052 3.120 2.17E-03 269.6 0.86
9:27:44 9.462 0.060 3.600 2.50E-03 268.4 0.84
9:28:15 9.471 0.069 4.140 2.88E-03 267.6 0.82
9:28:45 9.479 0.077 4.620 3.21E-03 266.6 0.80
9:29:15 9.488 0.086 5.160 3.58E-03 265.7 0.79
9:29:45 9.496 0.094 5.640 3.92E-03 264.8 0.77
9:30:16 9.504 0.102 6.120 4.25E-03 264.1 0.76
9:30:46 9.513 0.111 6.660 4.63E-03 263.1 0.74
9:31:16 9.521 0.119 7.140 4.96E-03 262.3 0.72
9:31:47 9.530 0.128 7.680 5.33E-03 261.5 0.71
9:32:17 9.538 0.136 8.160 5.67E-03 260.8 0.69
9:32:47 9.546 0.144 8.640 6.00E-03 260.1 0.68
9:33:48 9.563 0.161 9.660 6.71E-03 258.9 0.66
9:34:18 9.572 0.170 10.200 7.08E-03 258.2 0.64
9:34:48 9.580 0.178 10.680 7.42E-03 257.5 0.63
9:35:18 9.588 0.186 11.160 7.75E-03 257.0 0.62
9:35:49 9.597 0.195 11.700 8.13E-03 256.3 0.61
9:36:19 9.605 0.203 12.180 8.46E-03 255.9 0.60
9:36:49 9.614 0.212 12.720 8.83E-03 255.3 0.59
9:37:20 9.622 0.220 13.200 9.17E-03 254.7 0.58
9:37:50 9.631 0.229 13.740 9.54E-03 254.2 0.57
9:38:20 9.639 0.237 14.220 9.88E-03 253.9 0.56
9:38:51 9.647 0.245 14.700 1.02E-02 253.4 0.55
9:39:21 9.656 0.254 15.240 1.06E-02 253.0 0.55
9:39:51 9.664 0.262 15.720 1.09E-02 252.4 0.53
9:40:22 9.673 0.271 16.260 1.13E-02 251.9 0.52
9:40:52 9.681 0.279 16.740 1.16E-02 251.6 0.52
9:41:22 9.689 0.287 17.220 1.20E-02 251.1 0.51
9:41:52 9.698 0.296 17.760 1.23E-02 250.8 0.50
9:42:23 9.706 0.304 18.240 1.27E-02 250.3 0.49
9:42:53 9.715 0.313 18.780 1.30E-02 249.9 0.49
9:44:45 9.746 0.344 20.640 1.43E-02 248.6 0.46
9:45:15 9.754 0.352 21.120 1.47E-02 248.6 0.46
9:45:45 9.763 0.361 21.660 1.50E-02 248.0 0.45
9:46:16 9.771 0.369 22.140 1.54E-02 247.6 0.44
9:46:46 9.779 0.377 22.620 1.57E-02 247.3 0.44
9:47:16 9.788 0.386 23.160 1.61E-02 246.9 0.43
9:47:46 9.796 0.394 23.640 1.64E-02 246.5 0.42
9:48:17 9.805 0.403 24.180 1.68E-02 246.3 0.42
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Slug Test Data MCC 540 651'-702'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

9:48:47 9.813 0.411 24.660 1.71E-02 245.9 0.41
9:50:36 9.843 0.441 26.460 1.84E-02 244.8 0.39
9:51:06 9.852 0.450 27.000 1.88E-02 244.4 0.38
9:51:36 9.860 0.458 27.480 1.91E-02 244.2 0.38
9:52:06 9.868 0.466 27.960 1.94E-02 243.9 0.37
9:52:37 9.877 0.475 28.500 1.98E-02 243.6 0.37
9:53:07 9.885 0.483 28.980 2.01E-02 243.4 0.36
9:53:37 9.894 0.492 29.520 2.05E-02 243.1 0.36
9:54:08 9.902 0.500 30.000 2.08E-02 242.8 0.35
9:54:38 9.911 0.509 30.540 2.12E-02 242.5 0.35
9:55:08 9.919 0.517 31.020 2.15E-02 242.3 0.34
9:55:38 9.927 0.525 31.500 2.19E-02 241.9 0.34
9:56:31 9.942 0.540 32.400 2.25E-02 241.3 0.32
9:57:01 9.950 0.548 32.880 2.28E-02 241.2 0.32
9:57:32 9.959 0.557 33.420 2.32E-02 240.9 0.32
9:58:02 9.967 0.565 33.900 2.35E-02 240.7 0.31
9:58:45 9.979 0.577 34.620 2.40E-02 240.4 0.31
9:59:15 9.988 0.586 35.160 2.44E-02 240.1 0.30
9:59:46 9.996 0.594 35.640 2.48E-02 240.0 0.30

10:00:16 10.004 0.602 36.120 2.51E-02 239.7 0.29
10:00:46 10.013 0.611 36.660 2.55E-02 239.4 0.29
10:01:17 10.021 0.619 37.140 2.58E-02 239.3 0.29
10:01:47 10.030 0.628 37.680 2.62E-02 239.1 0.28
10:02:17 10.038 0.636 38.160 2.65E-02 238.8 0.28
10:02:47 10.047 0.645 38.700 2.69E-02 238.6 0.27
10:03:18 10.055 0.653 39.180 2.72E-02 238.4 0.27
10:03:48 10.063 0.661 39.660 2.75E-02 238.2 0.27
10:04:18 10.072 0.670 40.200 2.79E-02 237.8 0.26
10:04:49 10.080 0.678 40.680 2.83E-02 237.8 0.26
10:05:19 10.089 0.687 41.220 2.86E-02 237.7 0.26
10:05:49 10.097 0.695 41.700 2.90E-02 237.3 0.25
10:06:20 10.105 0.703 42.180 2.93E-02 237.2 0.25
10:06:50 10.114 0.712 42.720 2.97E-02 236.9 0.24
10:07:20 10.122 0.720 43.200 3.00E-02 236.7 0.24
10:07:50 10.131 0.729 43.740 3.04E-02 236.5 0.23
10:08:21 10.139 0.737 44.220 3.07E-02 236.6 0.23
10:08:51 10.148 0.746 44.760 3.11E-02 236.5 0.23
10:09:21 10.156 0.754 45.240 3.14E-02 235.8 0.22
10:09:52 10.164 0.762 45.720 3.18E-02 235.9 0.22
10:10:22 10.173 0.771 46.260 3.21E-02 235.6 0.22
10:10:52 10.181 0.779 46.740 3.25E-02 235.6 0.22
10:11:23 10.190 0.788 47.280 3.28E-02 235.4 0.21
10:11:53 10.198 0.796 47.760 3.32E-02 235.1 0.21
10:12:23 10.206 0.804 48.240 3.35E-02 235.1 0.21
10:12:53 10.215 0.813 48.780 3.39E-02 234.9 0.20
10:13:24 10.223 0.821 49.260 3.42E-02 234.9 0.20
10:13:54 10.232 0.830 49.800 3.46E-02 234.7 0.20
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Slug Test Data MCC 540 651'-702'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

10:14:24 10.240 0.838 50.280 3.49E-02 234.4 0.19
10:14:55 10.249 0.847 50.820 3.53E-02 234.3 0.19
10:15:25 10.257 0.855 51.300 3.56E-02 234.3 0.19
10:15:55 10.265 0.863 51.780 3.60E-02 234.0 0.19
10:17:17 10.288 0.886 53.160 3.69E-02 233.7 0.18
10:17:47 10.296 0.894 53.640 3.73E-02 233.5 0.18
10:18:17 10.305 0.903 54.180 3.76E-02 233.3 0.17
10:19:34 10.326 0.924 55.440 3.85E-02 233.0 0.17
10:20:04 10.334 0.932 55.920 3.88E-02 233.0 0.17
10:20:34 10.343 0.941 56.460 3.92E-02 232.7 0.16
10:21:04 10.351 0.949 56.940 3.95E-02 232.7 0.16
10:21:35 10.360 0.958 57.480 3.99E-02 232.5 0.16
10:22:05 10.368 0.966 57.960 4.03E-02 232.5 0.16
10:22:35 10.377 0.975 58.500 4.06E-02 232.2 0.15
10:23:06 10.385 0.983 58.980 4.10E-02 232.2 0.15
10:23:36 10.393 0.991 59.460 4.13E-02 232.0 0.15
10:24:07 10.402 1.000 60.000 4.17E-02 231.8 0.14
10:24:37 10.410 1.008 60.480 4.20E-02 231.7 0.14
10:25:07 10.419 1.017 61.020 4.24E-02 231.6 0.14
10:25:37 10.427 1.025 61.500 4.27E-02 231.6 0.14
10:26:08 10.435 1.033 61.980 4.30E-02 230.1 0.11
10:26:38 10.444 1.042 62.520 4.34E-02 229.9 0.11
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Step Rate Injection Test MCC 540 651'-702'

Time Time

Elapsed 
Time   
(hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

10:26:38 10.444 - - - 229.9
10:27:08 10.452 0.008 0.48 2.8 230.4 Start Test
10:28:03 10.467 0.023 1.38 2.8 234.7
10:28:33 10.476 0.032 1.92 2.8 238.9
10:29:03 10.484 0.04 2.4 2.8 242.4
10:29:33 10.493 0.049 2.94 2.8 246.4
10:30:04 10.501 0.057 3.42 2.8 250.1
10:30:34 10.509 0.065 3.9 2.8 254.5
10:31:04 10.518 0.074 4.44 2.8 261
10:31:35 10.526 0.082 4.92 2.8 270.2
10:32:05 10.535 0.091 5.46 2.8 278.2
10:32:35 10.543 0.099 5.94 2.8 287.8
10:33:05 10.552 0.108 6.48 2.8 295.3
10:33:36 10.56 0.116 6.96 2.8 300.5
10:34:06 10.568 0.124 7.44 2.8 303.4
10:34:36 10.577 0.133 7.98 2.8 304.4
10:35:07 10.585 0.141 8.46 2.8 305
10:35:37 10.594 0.15 9 2.8 306.1
10:36:07 10.602 0.158 9.48 2.8 308.5
10:36:38 10.61 0.166 9.96 2.8 311.9
10:37:08 10.619 0.175 10.5 2.8 316.8
10:37:38 10.627 0.183 10.98 2.8 319.3
10:38:09 10.636 0.192 11.52 2.8 320.5
10:39:32 10.659 0.215 12.9 2.8 321.6
10:40:02 10.667 0.223 13.38 2.8 321.7
10:41:02 10.684 0.24 14.4 2.8 322.4
10:41:33 10.692 0.248 14.88 2.8 322.6
10:42:03 10.701 0.257 15.42 2.8 324.7
10:42:33 10.709 0.265 15.9 3.8 340
10:43:03 10.718 0.274 16.44 3.8 349.4
10:44:04 10.734 0.29 17.4 3.8 353.3
10:44:34 10.743 0.299 17.94 3.8 353
10:45:05 10.751 0.307 18.42 3.8 353.7
10:45:35 10.76 0.316 18.96 3.8 355.2
10:46:05 10.768 0.324 19.44 3.8 356.2
10:46:36 10.777 0.333 19.98 3.8 356.6
10:47:06 10.785 0.341 20.46 3.8 357.6
10:47:36 10.793 0.349 20.94 3.8 357.3
10:48:07 10.802 0.358 21.48 3.8 358.4
10:48:37 10.81 0.366 21.96 3.8 357.7
10:49:07 10.819 0.375 22.5 3.8 358.5
10:49:37 10.827 0.383 22.98 3.8 358.8
10:50:08 10.835 0.391 23.46 3.8 359.1
10:50:38 10.844 0.4 24 3.8 359.3
10:51:08 10.852 0.408 24.48 5.5 359.8
10:51:39 10.861 0.417 25.02 5.5 359.5
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Step Rate Injection Test MCC 540 651'-702'

Time Time

Elapsed 
Time   
(hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

10:52:09 10.869 0.425 25.5 5.5 375
10:52:39 10.878 0.434 26.04 5.5 405.6
10:53:09 10.886 0.442 26.52 5.5 409.4
10:53:40 10.894 0.45 27 5.5 411
10:54:10 10.903 0.459 27.54 5.5 413.5
10:54:40 10.911 0.467 28.02 5.5 415.3
10:55:12 10.92 0.476 28.56 5.5 417.2
10:55:42 10.928 0.484 29.04 5.5 417.5
10:56:13 10.937 0.493 29.58 5.5 421.8
10:56:43 10.945 0.501 30.06 5.5 421
10:57:13 10.954 0.51 30.6 5.5 422.9
10:57:44 10.962 0.518 31.08 5.5 423.9
10:58:15 10.971 0.527 31.62 5.5 423.9
10:58:46 10.979 0.535 32.1 5.5 425.3
10:59:16 10.988 0.544 32.64 5.5 424.2
10:59:46 10.996 0.552 33.12 5.5 421.7
11:00:17 11.005 0.561 33.66 5.5 424.3
11:00:47 11.013 0.569 34.14 5.5 424.8
11:01:17 11.021 0.577 34.62 5.5 423
11:01:47 11.03 0.586 35.16 5.5 423.7
11:02:18 11.038 0.594 35.64 7 485.9
11:02:48 11.047 0.603 36.18 7 490.8
11:03:18 11.055 0.611 36.66 7 501.6
11:04:29 11.075 0.631 37.86 7 509.8
11:04:59 11.083 0.639 38.34 7 519.2
11:05:29 11.091 0.647 38.82 7 521.4
11:05:59 11.1 0.656 39.36 7 532.3
11:06:30 11.108 0.664 39.84 7 519.5
11:07:00 11.117 0.673 40.38 7 519.6
11:07:30 11.125 0.681 40.86 7 500.9
11:08:01 11.133 0.689 41.34 7 501.8
11:08:31 11.142 0.698 41.88 7 500.1
11:09:01 11.15 0.706 42.36 7 492.1
11:09:31 11.159 0.715 42.9 7 482.6
11:10:03 11.168 0.724 43.44 11.6 525.7
11:10:33 11.176 0.732 43.92 11.6 524.6
11:11:04 11.184 0.74 44.4 11.6 521.1
11:11:34 11.193 0.749 44.94 11.6 573.6
11:12:04 11.201 0.757 45.42 11.6 386.3
11:12:35 11.21 0.766 45.96 11.6 510.8
11:13:05 11.218 0.774 46.44 11.6 629.6
11:13:35 11.226 0.782 46.92 11.6 627.8
11:14:05 11.235 0.791 47.46 11.6 629.2
11:14:36 11.243 0.799 47.94 11.6 631.1
11:15:06 11.252 0.808 48.48 11.6 634.4
11:15:36 11.26 0.816 48.96 11.6 624
11:16:07 11.268 0.824 49.44 11.6 617.1

0524650.XLS Page 9



Step Rate Injection Test MCC 540 651'-702'

Time Time

Elapsed 
Time   
(hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

11:16:37 11.277 0.833 49.98 11.6 618.3
11:18:06 11.302 0.858 51.48 11.6 621
11:18:36 11.31 0.866 51.96 14.3 670.2
11:19:07 11.318 0.874 52.44 14.3 681.1
11:19:37 11.327 0.883 52.98 14.3 698.1
11:20:07 11.335 0.891 53.46 14.3 693.7
11:20:39 11.344 0.9 54 14.3 681.9
11:21:09 11.353 0.909 54.54 14.3 675.1
11:21:39 11.361 0.917 55.02 14.3 685.8
11:22:10 11.369 0.925 55.5 14.3 694.8
11:22:40 11.378 0.934 56.04 14.3 689.9 End Test
11:23:10 11.386 0.942 56.52 - 353.5
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Slug Test Data MCC 541 507'-543'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
13:24:11 13.403 0.000 0.000 0.000 162.3 -

13:24:41 13.411 0.008 0.480 0.000 209.3 1.000
13:25:11 13.42 0.017 1.020 0.001 208.5 0.983
13:25:41 13.428 0.025 1.500 0.001 208 0.972
13:26:11 13.436 0.033 1.980 0.001 207.8 0.968
13:26:42 13.445 0.042 2.520 0.002 207.7 0.966
13:27:12 13.453 0.050 3.000 0.002 207.7 0.966
13:27:42 13.462 0.059 3.540 0.002 207.2 0.955
13:28:13 13.47 0.067 4.020 0.003 207 0.951
13:28:43 13.479 0.076 4.560 0.003 206.6 0.943
13:29:13 13.487 0.084 5.040 0.003 206.5 0.940
13:29:43 13.495 0.092 5.520 0.004 206 0.930
13:30:14 13.504 0.101 6.060 0.004 205.9 0.928
13:30:44 13.512 0.109 6.540 0.005 205.7 0.923
13:31:14 13.521 0.118 7.080 0.005 205.4 0.917
13:31:44 13.529 0.126 7.560 0.005 205.2 0.913
13:32:15 13.537 0.134 8.040 0.006 205 0.909
13:32:45 13.546 0.143 8.580 0.006 204.7 0.902
13:33:15 13.554 0.151 9.060 0.006 204.5 0.898
13:33:45 13.563 0.160 9.600 0.007 204.2 0.891
13:34:16 13.571 0.168 10.080 0.007 204 0.887
13:34:46 13.579 0.176 10.560 0.007 203.8 0.883
13:35:16 13.588 0.185 11.100 0.008 203.7 0.881
13:35:46 13.596 0.193 11.580 0.008 203.6 0.879
13:36:17 13.605 0.202 12.120 0.008 203.3 0.872
13:36:47 13.613 0.210 12.600 0.009 203.2 0.870
13:37:17 13.621 0.218 13.080 0.009 203 0.866
13:37:47 13.63 0.227 13.620 0.009 202.7 0.860
13:38:18 13.638 0.235 14.100 0.010 202.5 0.855
13:38:48 13.647 0.244 14.640 0.010 202.6 0.857
13:39:18 13.655 0.252 15.120 0.011 202.3 0.851
13:39:49 13.663 0.260 15.600 0.011 201.9 0.843
13:40:19 13.672 0.269 16.140 0.011 201.9 0.843
13:40:49 13.68 0.277 16.620 0.012 201.6 0.836
13:41:19 13.689 0.286 17.160 0.012 201.4 0.832
13:41:49 13.697 0.294 17.640 0.012 201.3 0.830
13:42:20 13.705 0.302 18.120 0.013 201 0.823
13:42:50 13.714 0.311 18.660 0.013 200.8 0.819
13:43:20 13.722 0.319 19.140 0.013 200.7 0.817
13:43:51 13.731 0.328 19.680 0.014 200.5 0.813
13:44:21 13.739 0.336 20.160 0.014 200.2 0.806
13:44:51 13.747 0.344 20.640 0.014 200.1 0.804
13:45:21 13.756 0.353 21.180 0.015 200 0.802
13:45:51 13.764 0.361 21.660 0.015 199.8 0.798
13:46:22 13.773 0.370 22.200 0.015 199.6 0.794
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Slug Test Data MCC 541 507'-543'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

13:46:52 13.781 0.378 22.680 0.016 199.5 0.791
13:47:22 13.79 0.387 23.220 0.016 199.3 0.787
13:47:53 13.798 0.395 23.700 0.016 198.9 0.779
13:48:23 13.806 0.403 24.180 0.017 198.9 0.779
13:48:53 13.815 0.412 24.720 0.017 198.7 0.774
13:49:23 13.823 0.420 25.200 0.018 198.5 0.770
13:49:54 13.832 0.429 25.740 0.018 198.3 0.766
13:50:24 13.84 0.437 26.220 0.018 198.1 0.762
13:50:54 13.848 0.445 26.700 0.019 198.1 0.762
13:51:24 13.857 0.454 27.240 0.019 197.8 0.755
13:51:54 13.865 0.462 27.720 0.019 197.8 0.755
13:52:25 13.874 0.471 28.260 0.020 197.6 0.751
13:52:55 13.882 0.479 28.740 0.020 197.5 0.749
13:53:25 13.89 0.487 29.220 0.020 197.3 0.745
13:53:56 13.899 0.496 29.760 0.021 197.2 0.743
13:54:26 13.907 0.504 30.240 0.021 196.9 0.736
13:54:56 13.916 0.513 30.780 0.021 196.9 0.736
13:55:26 13.924 0.521 31.260 0.022 196.7 0.732
13:55:57 13.932 0.529 31.740 0.022 196.6 0.730
13:56:27 13.941 0.538 32.280 0.022 196.3 0.723
13:56:57 13.949 0.546 32.760 0.023 196.2 0.721
13:57:27 13.958 0.555 33.300 0.023 196 0.717
13:57:58 13.966 0.563 33.780 0.023 196 0.717
13:58:28 13.974 0.571 34.260 0.024 195.8 0.713
13:58:58 13.983 0.580 34.800 0.024 195.5 0.706
13:59:28 13.991 0.588 35.280 0.025 195.4 0.704
13:59:59 14 0.597 35.820 0.025 195.3 0.702
14:00:29 14.008 0.605 36.300 0.025 195.1 0.698
14:00:59 14.016 0.613 36.780 0.026 195 0.696
14:01:29 14.025 0.622 37.320 0.026 194.9 0.694
14:02:00 14.033 0.630 37.800 0.026 194.7 0.689
14:02:30 14.042 0.639 38.340 0.027 194.7 0.689
14:03:00 14.05 0.647 38.820 0.027 194.5 0.685
14:03:31 14.058 0.655 39.300 0.027 194.4 0.683
14:04:01 14.067 0.664 39.840 0.028 194.2 0.679
14:04:31 14.075 0.672 40.320 0.028 194 0.674
14:05:01 14.084 0.681 40.860 0.028 193.8 0.670
14:05:31 14.092 0.689 41.340 0.029 193.8 0.670
14:06:02 14.1 0.697 41.820 0.029 193.5 0.664
14:06:32 14.109 0.706 42.360 0.029 193.4 0.662
14:07:02 14.117 0.714 42.840 0.030 193.3 0.660
14:07:33 14.126 0.723 43.380 0.030 193.1 0.655
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Step Rate Injection Test Data MCC 541 507'-543'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

14:10:04 14.168 0.000 0.000 7 203.5
14:10:34 14.176 0.008 0.480 7 213
14:11:04 14.185 0.017 1.020 7 225.9
14:11:34 14.193 0.025 1.500 7 244.5
14:12:05 14.201 0.033 1.980 7 273.3
14:12:35 14.21 0.042 2.520 7 293.4
14:13:05 14.218 0.050 3.000 7 308.3
14:13:36 14.227 0.059 3.540 7 309.6
14:14:06 14.235 0.067 4.020 7 309.8
14:14:36 14.243 0.075 4.500 7 309.6
14:15:32 14.259 0.091 5.460 7 306.9
14:16:02 14.267 0.099 5.940 7 307.1
14:16:32 14.276 0.108 6.480 7 306.7
14:17:03 14.284 0.116 6.960 7 305.2
14:17:34 14.293 0.125 7.500 7 305.5
14:18:05 14.301 0.133 7.980 7 312
14:18:35 14.31 0.142 8.520 7 313.9
14:19:07 14.319 0.151 9.060 7 314.4
14:19:37 14.327 0.159 9.540 7 315.2
14:20:07 14.335 0.167 10.020 7 314.1
14:20:38 14.344 0.176 10.560 7 313.9
14:21:09 14.353 0.185 11.100 11 347.3
14:21:40 14.361 0.193 11.580 11 345.9
14:22:10 14.369 0.201 12.060 11 346.6
14:22:40 14.378 0.210 12.600 11 343.6
14:23:10 14.386 0.218 13.080 11 341.7
14:23:41 14.395 0.227 13.620 11 340.7
14:24:13 14.403 0.235 14.100 11 337.1
14:24:43 14.412 0.244 14.640 11 309.3
14:25:13 14.42 0.252 15.120 11 317.1
14:25:45 14.429 0.261 15.660 11 308.6
14:26:15 14.438 0.270 16.200 11 310.1
14:26:47 14.446 0.278 16.680 11 313.1
14:27:17 14.455 0.287 17.220 11 313.5
14:27:48 14.463 0.295 17.700 15 224
14:28:18 14.472 0.304 18.240 15 252.2
14:28:49 14.48 0.312 18.720 15 348.8
14:29:20 14.489 0.321 19.260 15 352.2
14:29:50 14.497 0.329 19.740 15 354.9
14:30:33 14.509 0.341 20.460 15 352.3
14:31:03 14.518 0.350 21.000 15 351.2
14:31:34 14.526 0.358 21.480 15 351.7
14:32:04 14.534 0.366 21.960 15 350.5
14:32:35 14.543 0.375 22.500 15 346
14:33:06 14.552 0.384 23.040 15 345.2
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Step Rate Injection Test Data MCC 541 507'-543'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

14:33:38 14.56 0.392 23.520 15 344.5
14:34:08 14.569 0.401 24.060 15 343.4
14:34:38 14.577 0.409 24.540 15 343.8
14:35:08 14.586 0.418 25.080 15 341.8
14:35:39 14.594 0.426 25.560 15 340.1
14:36:09 14.602 0.434 26.040 15 342.8
14:36:39 14.611 0.443 26.580 RNE 371.8 Increase rate
14:37:11 14.62 0.452 27.120 RNE 373.9 Flow rate erratic
14:37:41 14.628 0.460 27.600 RNE 372.8
14:38:12 14.637 0.469 28.140 RNE 392.7 Valve sticking
14:38:43 14.645 0.477 28.620 RNE 393.7 Pumping erratically
14:39:14 14.654 0.486 29.160 RNE 414
14:39:45 14.663 0.495 29.700 RNE 418.2
14:40:16 14.671 0.503 30.180 RNE 420.2
14:40:46 14.679 0.511 30.660 RNE 417.6
14:41:18 14.688 0.520 31.200 33 306.1
14:41:48 14.697 0.529 31.740 33 439.4 Pumping erratically
14:42:18 14.705 0.537 32.220 33 447.7
14:43:23 14.723 0.555 33.300 33 474.5 Flow rate erratic
14:43:54 14.732 0.564 33.840 33 477.4
14:44:24 14.74 0.572 34.320 33 477.8
14:44:54 14.748 0.580 34.800 33 475.5
14:45:26 14.757 0.589 35.340 33 476.1
14:45:56 14.766 0.598 35.880 33 469.8
14:46:27 14.774 0.606 36.360 33 462.4
14:46:57 14.783 0.615 36.900 33 464.5
14:47:27 14.791 0.623 37.380 33 463.7
14:47:58 14.799 0.631 37.860 33 465.7 End Test
14:48:28 14.808 0.640 38.400 239.8

RNE - Rate Not Established.
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Slug Test Data MCC 544 1148' - 1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
16:16:07 16.269 - - 438 -

16:16:11 16.27 0.001 0.06 4.17E-05 474.5 0.630397
16:16:14 16.271 0.002 0.12 8.33E-05 495.5 0.993092
16:16:19 16.272 0.003 0.18 1.25E-04 495.9 1
16:16:23 16.273 0.004 0.24 1.67E-04 495.7 0.996546
16:16:28 16.274 0.005 0.3 2.08E-04 495.7 0.996546
16:16:33 16.276 0.007 0.42 2.92E-04 495.4 0.991364
16:16:38 16.277 0.008 0.48 3.33E-04 495.4 0.991364
16:16:42 16.278 0.009 0.54 3.75E-04 495.2 0.98791
16:16:46 16.279 0.01 0.6 4.17E-04 495.2 0.98791
16:16:49 16.28 0.011 0.66 4.58E-04 495.2 0.98791
16:16:54 16.282 0.013 0.78 5.42E-04 495.2 0.98791
16:16:57 16.282 0.013 0.78 5.42E-04 495.2 0.98791
16:17:00 16.283 0.014 0.84 5.83E-04 495.2 0.98791
16:17:03 16.284 0.015 0.9 6.25E-04 495.4 0.991364
16:17:08 16.286 0.017 1.02 7.08E-04 495.2 0.98791
16:17:11 16.286 0.017 1.02 7.08E-04 495.2 0.98791
16:17:14 16.287 0.018 1.08 7.50E-04 495.1 0.986183
16:17:18 16.288 0.019 1.14 7.92E-04 495.1 0.986183
16:17:22 16.29 0.021 1.26 8.75E-04 495.1 0.986183
16:18:23 16.306 0.037 2.22 1.54E-03 495.1 0.986183
16:20:01 16.334 0.065 3.9 2.71E-03 495.2 0.98791
16:23:12 16.387 0.118 7.08 4.92E-03 493.9 0.965458
16:23:15 16.388 0.119 7.14 4.96E-03 493.8 0.963731
16:28:15 16.471 0.202 12.12 8.42E-03 492 0.932642
16:33:16 16.554 0.285 17.1 1.19E-02 490.3 0.903282
16:38:57 16.649 0.38 22.8 1.58E-02 488.5 0.872193
16:39:01 16.65 0.381 22.86 1.59E-02 488.5 0.872193
16:39:04 16.651 0.382 22.92 1.59E-02 488.5 0.872193
16:46:56 16.782 0.513 30.78 2.14E-02 486.4 0.835924
16:51:57 16.866 0.597 35.82 2.49E-02 484.8 0.80829
16:56:57 16.949 0.68 40.8 2.83E-02 483.3 0.782383
17:01:57 17.033 0.764 45.84 3.18E-02 482.1 0.761658
17:06:57 17.116 0.847 50.82 3.53E-02 480.9 0.740933
17:13:18 17.222 0.953 57.18 3.97E-02 479.5 0.716753
17:18:10 17.303 1.034 62.04 4.31E-02 478.4 0.697755
17:23:10 17.386 1.117 67.02 4.65E-02 477 0.673575
17:28:48 17.48 1.211 72.66 5.05E-02 476 0.656304
17:28:52 17.481 1.212 72.72 5.05E-02 475.9 0.654577
17:33:52 17.564 1.295 77.7 5.40E-02 475.2 0.642487
17:38:52 17.648 1.379 82.74 5.75E-02 473.6 0.614853
17:43:52 17.731 1.462 87.72 6.09E-02 472.7 0.599309
17:48:52 17.815 1.546 92.76 6.44E-02 471.6 0.580311
17:54:36 17.91 1.641 98.46 6.84E-02 470.5 0.561313
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Slug Test Data MCC 544 1148' - 1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

17:59:36 17.993 1.724 103.44 7.18E-02 470.7 0.564767
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Slug Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
17:43:22 17.723 0.000 0.000 0.000 373.2 -

17:43:26 17.724 0.001 0.060 4.17E-05 430.1 0.993
17:43:31 17.725 0.002 0.120 8.33E-05 430.5 1.000
17:43:36 17.727 0.004 0.240 1.67E-04 430.4 0.998
17:43:41 17.728 0.005 0.300 2.08E-04 430.5 1.000
17:43:46 17.729 0.006 0.360 2.50E-04 430.4 0.998
17:43:50 17.731 0.008 0.480 3.33E-04 430.3 0.997
17:43:55 17.732 0.009 0.540 3.75E-04 430.2 0.995
17:44:00 17.733 0.010 0.600 4.17E-04 430.1 0.993
17:44:05 17.735 0.012 0.720 5.00E-04 430.1 0.993
17:44:09 17.736 0.013 0.780 5.42E-04 429.9 0.990
17:44:14 17.737 0.014 0.840 5.83E-04 430 0.991
17:44:19 17.739 0.016 0.960 6.67E-04 429.9 0.990
17:44:24 17.74 0.017 1.020 7.08E-04 429.6 0.984
17:44:29 17.741 0.018 1.080 7.50E-04 429.8 0.988
17:44:33 17.743 0.020 1.200 8.33E-04 429.3 0.979
17:44:38 17.744 0.021 1.260 8.75E-04 429.3 0.979
17:44:43 17.745 0.022 1.320 9.17E-04 429.1 0.976
17:44:48 17.747 0.024 1.440 1.00E-03 429.1 0.976
17:44:53 17.748 0.025 1.500 1.04E-03 428.9 0.972
17:44:57 17.749 0.026 1.560 1.08E-03 428.9 0.972
17:45:02 17.751 0.028 1.680 1.17E-03 428.9 0.972
17:45:07 17.752 0.029 1.740 1.21E-03 428.7 0.969
17:45:12 17.753 0.030 1.800 1.25E-03 428.7 0.969
17:45:16 17.755 0.032 1.920 1.33E-03 428.6 0.967
17:45:21 17.756 0.033 1.980 1.38E-03 428.6 0.967
17:45:26 17.757 0.034 2.040 1.42E-03 428.6 0.967
17:45:31 17.759 0.036 2.160 1.50E-03 428.4 0.963
17:45:36 17.76 0.037 2.220 1.54E-03 428.4 0.963
17:45:41 17.761 0.038 2.280 1.58E-03 428.3 0.962
17:45:45 17.763 0.040 2.400 1.67E-03 428.2 0.960
17:45:50 17.764 0.041 2.460 1.71E-03 428.2 0.960
17:45:55 17.765 0.042 2.520 1.75E-03 428.2 0.960
17:46:00 17.767 0.044 2.640 1.83E-03 428.1 0.958
17:46:04 17.768 0.045 2.700 1.88E-03 427.9 0.955
17:46:09 17.769 0.046 2.760 1.92E-03 427.9 0.955
17:46:14 17.771 0.048 2.880 2.00E-03 427.9 0.955
17:46:19 17.772 0.049 2.940 2.04E-03 427.9 0.955
17:46:24 17.773 0.050 3.000 2.08E-03 427.8 0.953
17:46:28 17.775 0.052 3.120 2.17E-03 427.8 0.953
17:46:33 17.776 0.053 3.180 2.21E-03 427.9 0.955
17:46:38 17.777 0.054 3.240 2.25E-03 427.6 0.949
17:46:43 17.779 0.056 3.360 2.33E-03 427.7 0.951
17:46:47 17.78 0.057 3.420 2.38E-03 427.4 0.946
17:46:52 17.781 0.058 3.480 2.42E-03 427.3 0.944
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Slug Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

17:46:57 17.783 0.060 3.600 2.50E-03 427.4 0.946
17:47:02 17.784 0.061 3.660 2.54E-03 427.3 0.944
17:47:07 17.785 0.062 3.720 2.58E-03 427.2 0.942
17:47:11 17.786 0.063 3.780 2.63E-03 427.3 0.944
17:47:16 17.788 0.065 3.900 2.71E-03 427.1 0.941
17:47:21 17.789 0.066 3.960 2.75E-03 427 0.939
17:47:26 17.79 0.067 4.020 2.79E-03 427 0.939
17:47:30 17.792 0.069 4.140 2.88E-03 427 0.939
17:47:35 17.793 0.070 4.200 2.92E-03 426.9 0.937
17:47:40 17.794 0.071 4.260 2.96E-03 426.7 0.934
17:47:45 17.796 0.073 4.380 3.04E-03 426.7 0.934
17:47:50 17.797 0.074 4.440 3.08E-03 426.6 0.932
17:47:55 17.798 0.075 4.500 3.12E-03 426.7 0.934
17:47:59 17.8 0.077 4.620 3.21E-03 426.5 0.930
17:48:04 17.801 0.078 4.680 3.25E-03 426.2 0.925
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

17:58:03 17.967 0.000 0.000 3.6 428.6
17:58:08 17.969 0.002 0.120 3.6 431.4
17:58:12 17.97 0.003 0.180 3.6 432.7
17:58:17 17.971 0.004 0.240 3.6 435.9
17:58:22 17.973 0.006 0.360 3.6 437.9
17:58:27 17.974 0.007 0.420 3.6 443
17:58:31 17.975 0.008 0.480 3.6 445.9
17:58:36 17.977 0.010 0.600 3.6 452.4
17:58:41 17.978 0.011 0.660 3.6 457.1
17:58:46 17.979 0.012 0.720 3.6 468.6
17:58:51 17.981 0.014 0.840 3.6 478.8
17:58:55 17.982 0.015 0.900 3.6 497.8
17:59:00 17.983 0.016 0.960 3.6 510.4
17:59:05 17.985 0.018 1.080 3.6 535.4
17:59:10 17.986 0.019 1.140 3.6 546.1
17:59:15 17.987 0.020 1.200 3.6 556.2
17:59:19 17.989 0.022 1.320 3.6 558.9
17:59:24 17.99 0.023 1.380 3.6 544.4
17:59:29 17.991 0.024 1.440 3.6 533.5
17:59:34 17.993 0.026 1.560 3.6 522.3
17:59:38 17.994 0.027 1.620 3.6 519.4
17:59:43 17.995 0.028 1.680 3.6 518
17:59:48 17.997 0.030 1.800 3.6 519.2
17:59:53 17.998 0.031 1.860 3.6 520.3
17:59:58 17.999 0.032 1.920 3.6 519.2
18:00:03 18.001 0.034 2.040 3.6 523.6
18:00:07 18.002 0.035 2.100 3.6 527.9
18:00:12 18.003 0.036 2.160 3.6 531.2
18:00:17 18.005 0.038 2.280 3.6 532
18:00:22 18.006 0.039 2.340 3.6 533.7
18:00:26 18.007 0.040 2.400 3.6 533.6
18:00:31 18.009 0.042 2.520 3.6 533
18:00:36 18.01 0.043 2.580 3.6 533.5
18:00:41 18.011 0.044 2.640 3.6 532.3
18:00:46 18.013 0.046 2.760 3.6 532
18:00:50 18.014 0.047 2.820 3.6 532.2
18:00:55 18.015 0.048 2.880 3.6 533.4
18:01:00 18.017 0.050 3.000 3.6 533.4
18:01:05 18.018 0.051 3.060 3.6 533.4
18:01:09 18.019 0.052 3.120 3.6 533
18:01:14 18.021 0.054 3.240 3.6 533.8
18:01:19 18.022 0.055 3.300 3.6 532.7
18:01:24 18.023 0.056 3.360 3.6 533.5
18:01:29 18.025 0.058 3.480 3.6 531.9
18:01:33 18.026 0.059 3.540 3.6 532.2
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:01:38 18.027 0.060 3.600 3.6 532.1
18:01:43 18.029 0.062 3.720 3.6 532.5
18:01:48 18.03 0.063 3.780 3.6 533.6
18:01:53 18.031 0.064 3.840 3.6 533.3
18:01:57 18.033 0.066 3.960 3.6 534
18:02:02 18.034 0.067 4.020 3.6 533.7
18:02:07 18.035 0.068 4.080 3.6 533.5
18:02:12 18.037 0.070 4.200 3.6 532.7
18:02:16 18.038 0.071 4.260 3.6 532.4
18:02:21 18.039 0.072 4.320 3.6 532.9
18:02:26 18.041 0.074 4.440 3.6 533.8
18:02:31 18.042 0.075 4.500 3.6 533.7
18:02:36 18.043 0.076 4.560 3.6 533.3
18:02:40 18.045 0.078 4.680 3.6 533
18:02:45 18.046 0.079 4.740 3.6 532.5
18:02:50 18.047 0.080 4.800 3.6 533
18:02:55 18.049 0.082 4.920 3.6 532.7
18:03:00 18.05 0.083 4.980 3.6 532
18:03:04 18.051 0.084 5.040 3.6 532.6
18:03:09 18.053 0.086 5.160 3.6 532.9
18:03:14 18.054 0.087 5.220 3.6 532.7
18:03:19 18.055 0.088 5.280 3.6 532.3
18:03:24 18.057 0.090 5.400 3.6 532.7
18:03:28 18.058 0.091 5.460 3.6 532.1
18:03:33 18.059 0.092 5.520 3.6 531.1
18:03:38 18.061 0.094 5.640 3.6 531.1
18:03:43 18.062 0.095 5.700 3.6 531.7
18:03:47 18.063 0.096 5.760 3.6 531.5
18:04:18 18.072 0.105 6.300 3.6 530.9
18:04:48 18.08 0.113 6.780 3.6 531.3
18:05:19 18.089 0.122 7.320 3.6 528.7
18:05:49 18.097 0.130 7.800 3.6 527.5
18:06:19 18.105 0.138 8.280 3.6 512.3
18:06:50 18.114 0.147 8.820 3.6 506.6
18:07:20 18.122 0.155 9.300 3.6 510
18:07:50 18.131 0.164 9.840 3.6 512.9
18:08:20 18.139 0.172 10.320 3.6 510.5
18:08:31 18.142 0.175 10.500 3.6 511.6
18:08:35 18.143 0.176 10.560 3.6 511.4
18:08:40 18.144 0.177 10.620 3.6 510.9
18:08:44 18.146 0.179 10.740 3.6 511.1
18:08:49 18.147 0.180 10.800 3.6 510.6
18:08:54 18.148 0.181 10.860 3.6 510.6
18:08:59 18.15 0.183 10.980 3.6 509.7
18:09:04 18.151 0.184 11.040 3.6 509.2
18:09:08 18.152 0.185 11.100 3.6 508.7
18:09:13 18.154 0.187 11.220 3.6 508.6
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:09:18 18.155 0.188 11.280 3.6 508
18:09:23 18.156 0.189 11.340 3.6 508.5
18:09:28 18.158 0.191 11.460 3.6 508.8
18:09:32 18.159 0.192 11.520 3.6 508.9
18:09:37 18.16 0.193 11.580 3.6 508.5
18:09:42 18.162 0.195 11.700 3.6 508.4
18:09:47 18.163 0.196 11.760 3.6 508.1
18:09:51 18.164 0.197 11.820 3.6 507.5
18:09:56 18.166 0.199 11.940 3.6 507.8
18:10:01 18.167 0.200 12.000 3.6 508.3
18:10:06 18.168 0.201 12.060 3.6 508.6
18:10:11 18.17 0.203 12.180 3.6 507.8
18:10:15 18.171 0.204 12.240 3.6 506.8
18:10:20 18.172 0.205 12.300 3.6 510.5
18:10:25 18.174 0.207 12.420 7.5 565.8
18:10:30 18.175 0.208 12.480 7.5 594.8
18:10:35 18.176 0.209 12.540 7.5 638.3
18:10:39 18.178 0.211 12.660 7.5 656.8
18:10:44 18.179 0.212 12.720 7.5 677.3
18:10:49 18.18 0.213 12.780 7.5 678.5
18:10:54 18.182 0.215 12.900 7.5 688.2
18:10:58 18.183 0.216 12.960 7.5 686.1
18:11:03 18.184 0.217 13.020 7.5 689.9
18:11:08 18.186 0.219 13.140 7.5 689.9
18:11:13 18.187 0.220 13.200 7.5 693.4
18:11:18 18.188 0.221 13.260 7.5 697.6
18:11:23 18.19 0.223 13.380 7.5 698.1
18:11:53 18.198 0.231 13.860 7.5 707.2
18:12:23 18.206 0.239 14.340 7.5 713.9
18:12:53 18.215 0.248 14.880 7.5 719.8
18:13:24 18.223 0.256 15.360 7.5 720.2
18:13:54 18.232 0.265 15.900 7.5 717.4
18:14:25 18.24 0.273 16.380 7.5 733.9
18:14:55 18.249 0.282 16.920 7.5 734.1
18:15:25 18.257 0.290 17.400 7.5 743.5
18:15:55 18.265 0.298 17.880 7.5 742.4
18:16:26 18.274 0.307 18.420 7.5 743.2
18:16:56 18.282 0.315 18.900 7.5 754.5
18:17:26 18.291 0.324 19.440 7.5 767.1
18:17:57 18.299 0.332 19.920 7.5 750.6
18:18:27 18.308 0.341 20.460 7.5 760.3
18:18:53 18.315 0.348 20.880 7.5 754.3
18:18:54 18.315 0.348 20.880 7.5 754.3
18:18:56 18.316 0.349 20.940 7.5 757.9
18:18:57 18.316 0.349 20.940 7.5 757.9
18:18:59 18.316 0.349 20.940 7.5 765.9
18:19:01 18.317 0.350 21.000 7.5 765.9
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:19:02 18.317 0.350 21.000 7.5 770.4
18:19:04 18.318 0.351 21.060 7.5 770.4
18:19:05 18.318 0.351 21.060 7.5 771.1
18:19:07 18.319 0.352 21.120 7.5 771.1
18:19:09 18.319 0.352 21.120 8.8 787.4
18:19:10 18.319 0.352 21.120 8.8 787.4
18:19:12 18.32 0.353 21.180 8.8 793
18:19:13 18.32 0.353 21.180 8.8 793
18:19:15 18.321 0.354 21.240 8.8 801.7
18:19:17 18.321 0.354 21.240 8.8 801.7
18:19:18 18.322 0.355 21.300 8.8 807.1
18:19:20 18.322 0.355 21.300 8.8 807.1
18:19:21 18.323 0.356 21.360 8.8 813.6
18:19:23 18.323 0.356 21.360 8.8 813.6
18:19:25 18.324 0.357 21.420 8.8 809.7
18:19:26 18.324 0.357 21.420 8.8 809.7
18:19:28 18.324 0.357 21.420 8.8 809
18:19:29 18.325 0.358 21.480 8.8 809
18:19:31 18.325 0.358 21.480 8.8 809
18:19:33 18.326 0.359 21.540 8.8 809
18:19:34 18.326 0.359 21.540 8.8 806.6
18:19:36 18.327 0.360 21.600 8.8 806.6
18:19:37 18.327 0.360 21.600 8.8 811
18:19:39 18.328 0.361 21.660 8.8 811
18:19:41 18.328 0.361 21.660 8.8 808.6
18:19:42 18.328 0.361 21.660 8.8 808.6
18:19:44 18.329 0.362 21.720 8.8 808.2
18:19:45 18.329 0.362 21.720 8.8 808.2
18:19:47 18.33 0.363 21.780 8.8 810.8
18:19:49 18.33 0.363 21.780 8.8 810.8
18:19:50 18.331 0.364 21.840 8.8 809.2
18:19:52 18.331 0.364 21.840 8.8 809.2
18:19:53 18.331 0.364 21.840 8.8 814.2
18:19:55 18.332 0.365 21.900 8.8 814.2
18:20:25 18.34 0.373 22.380 8.8 817
18:20:56 18.349 0.382 22.920 8.8 832.9
18:21:26 18.357 0.390 23.400 8.8 844.4
18:21:56 18.366 0.399 23.940 8.8 840.1
18:22:27 18.374 0.407 24.420 8.8 836.2
18:22:57 18.382 0.415 24.900 8.8 835.3
18:23:27 18.391 0.424 25.440 8.8 835.1
18:23:57 18.399 0.432 25.920 8.8 837.8
18:24:28 18.408 0.441 26.460 8.8 829.6
18:25:30 18.425 0.458 27.480 8.8 833.9
18:26:00 18.433 0.466 27.960 9.6 475.2
18:26:17 18.438 0.471 28.260 9.6 524
18:26:18 18.438 0.471 28.260 9.6 517.3
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:26:20 18.439 0.472 28.320 9.6 511.4
18:26:21 18.439 0.472 28.320 9.6 511.4
18:26:23 18.44 0.473 28.380 9.6 553.6
18:26:24 18.44 0.473 28.380 9.6 553.6
18:26:26 18.441 0.474 28.440 9.6 602
18:26:28 18.441 0.474 28.440 9.6 602
18:26:29 18.441 0.474 28.440 9.6 632.1
18:26:31 18.442 0.475 28.500 9.6 632.1
18:26:32 18.442 0.475 28.500 9.6 740
18:26:34 18.443 0.476 28.560 9.6 740
18:26:36 18.443 0.476 28.560 9.6 766.9
18:26:37 18.444 0.477 28.620 9.6 766.9
18:26:39 18.444 0.477 28.620 9.6 767.7
18:26:40 18.445 0.478 28.680 9.6 767.7
18:26:42 18.445 0.478 28.680 9.6 772.1
18:26:44 18.445 0.478 28.680 9.6 772.1
18:26:45 18.446 0.479 28.740 9.6 775.7
18:26:47 18.446 0.479 28.740 9.6 775.7
18:26:48 18.447 0.480 28.800 9.6 779.3
18:26:50 18.447 0.480 28.800 9.6 779.3
18:26:52 18.448 0.481 28.860 9.6 781.7
18:26:53 18.448 0.481 28.860 9.6 781.7
18:26:55 18.449 0.482 28.920 9.6 781.8
18:26:56 18.449 0.482 28.920 9.6 781.8
18:26:58 18.449 0.482 28.920 9.6 780.7
18:27:00 18.45 0.483 28.980 9.6 780.7
18:27:01 18.45 0.483 28.980 9.6 778.3
18:27:03 18.451 0.484 29.040 9.6 778.3
18:27:04 18.451 0.484 29.040 9.6 779.1
18:27:06 18.452 0.485 29.100 9.6 779.1
18:27:08 18.452 0.485 29.100 9.6 780.6
18:27:09 18.453 0.486 29.160 9.6 780.6
18:27:11 18.453 0.486 29.160 9.6 782.7
18:27:12 18.453 0.486 29.160 9.6 782.7
18:27:14 18.454 0.487 29.220 9.6 783.3
18:27:16 18.454 0.487 29.220 9.6 783.3
18:27:17 18.455 0.488 29.280 9.6 787.6
18:27:19 18.455 0.488 29.280 9.6 787.6
18:27:20 18.456 0.489 29.340 9.6 788.3
18:27:22 18.456 0.489 29.340 9.6 788.3
18:27:23 18.457 0.490 29.400 9.6 789.3
18:27:25 18.457 0.490 29.400 9.6 789.3
18:27:27 18.457 0.490 29.400 9.6 789
18:27:28 18.458 0.491 29.460 9.6 789
18:27:30 18.458 0.491 29.460 9.6 792.4
18:27:31 18.459 0.492 29.520 9.6 792.4
18:27:33 18.459 0.492 29.520 9.6 793.3

05191005.XLS Page 11



Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:27:35 18.46 0.493 29.580 9.6 793.3
18:27:36 18.46 0.493 29.580 9.6 790.8
18:27:38 18.46 0.493 29.580 9.6 790.8
18:27:39 18.461 0.494 29.640 9.6 788.1
18:27:41 18.461 0.494 29.640 9.6 788.1
18:27:43 18.462 0.495 29.700 9.6 786.6
18:27:44 18.462 0.495 29.700 9.6 786.6
18:27:46 18.463 0.496 29.760 9.6 787.3
18:27:47 18.463 0.496 29.760 9.6 787.3
18:27:49 18.464 0.497 29.820 9.6 784.7
18:27:51 18.464 0.497 29.820 9.6 784.7
18:27:52 18.464 0.497 29.820 9.6 788.3
18:27:54 18.465 0.498 29.880 9.6 788.3
18:28:24 18.473 0.506 30.360 9.6 797.1
18:28:54 18.482 0.515 30.900 9.6 797.4
18:29:25 18.49 0.523 31.380 9.6 794.1
18:29:55 18.499 0.532 31.920 9.6 800.3
18:30:25 18.507 0.540 32.400 9.6 797.3
18:30:56 18.515 0.548 32.880 9.6 802.3
18:31:26 18.524 0.557 33.420 9.6 805.1
18:31:56 18.532 0.565 33.900 9.6 804.4
18:32:27 18.541 0.574 34.440 9.6 808.9
18:32:57 18.549 0.582 34.920 9.6 809.1
18:33:26 18.557 0.590 35.400 9.6 803.3
18:33:27 18.558 0.591 35.460 9.6 794.7
18:33:29 18.558 0.591 35.460 9.6 794.7
18:33:31 18.559 0.592 35.520 9.6 794.5
18:33:32 18.559 0.592 35.520 9.6 794.5
18:33:34 18.559 0.592 35.520 9.6 796.7
18:33:35 18.56 0.593 35.580 9.6 796.7
18:33:37 18.56 0.593 35.580 9.6 800.2
18:33:39 18.561 0.594 35.640 9.6 800.2
18:33:40 18.561 0.594 35.640 9.6 799.6
18:33:42 18.562 0.595 35.700 9.6 799.6
18:33:43 18.562 0.595 35.700 9.6 805.8
18:33:45 18.562 0.595 35.700 9.6 805.8
18:33:46 18.563 0.596 35.760 9.6 864.7
18:33:48 18.563 0.596 35.760 9.6 864.7
18:33:50 18.564 0.597 35.820 9.6 871.6
18:33:51 18.564 0.597 35.820 9.6 871.6
18:33:53 18.565 0.598 35.880 9.6 867.9
18:33:54 18.565 0.598 35.880 9.6 867.9
18:33:56 18.566 0.599 35.940 9.6 865.3
18:33:58 18.566 0.599 35.940 9.6 865.3
18:33:59 18.566 0.599 35.940 9.6 868.6
18:34:01 18.567 0.600 36.000 9.6 868.6
18:34:03 18.567 0.600 36.000 9.6 871.3
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:34:04 18.568 0.601 36.060 9.6 871.3
18:34:06 18.568 0.601 36.060 9.6 871.9
18:34:07 18.569 0.602 36.120 9.6 871.9
18:34:09 18.569 0.602 36.120 9.6 875.2
18:34:10 18.57 0.603 36.180 9.6 875.2
18:34:12 18.57 0.603 36.180 9.6 876.2
18:34:14 18.57 0.603 36.180 9.6 876.2
18:34:15 18.571 0.604 36.240 9.6 876
18:34:17 18.571 0.604 36.240 9.6 876
18:34:18 18.572 0.605 36.300 9.6 873.6
18:34:20 18.572 0.605 36.300 9.6 873.6
18:34:21 18.573 0.606 36.360 9.6 870.4
18:34:23 18.573 0.606 36.360 9.6 870.4
18:34:25 18.574 0.607 36.420 9.6 870.8
18:34:26 18.574 0.607 36.420 9.6 870.8
18:34:28 18.574 0.607 36.420 9.6 872.4
18:34:30 18.575 0.608 36.480 9.6 872.4
18:34:31 18.575 0.608 36.480 9.6 875.2
18:34:33 18.576 0.609 36.540 9.6 875.2
18:34:34 18.576 0.609 36.540 9.6 873.9
18:34:36 18.577 0.610 36.600 9.6 873.9
18:34:38 18.577 0.610 36.600 9.6 871.5
18:34:39 18.578 0.611 36.660 9.6 871.5
18:34:41 18.578 0.611 36.660 9.6 870.5
18:34:42 18.578 0.611 36.660 9.6 870.5
18:34:44 18.579 0.612 36.720 9.6 872.2
18:34:45 18.579 0.612 36.720 9.6 872.2
18:34:47 18.58 0.613 36.780 9.6 871.9
18:34:49 18.58 0.613 36.780 9.6 871.9
18:34:50 18.581 0.614 36.840 9.6 875.7
18:34:52 18.581 0.614 36.840 9.6 875.7
18:34:53 18.582 0.615 36.900 9.6 871.6
18:34:55 18.582 0.615 36.900 9.6 871.6
18:34:57 18.582 0.615 36.900 9.6 868.6
18:34:58 18.583 0.616 36.960 9.6 868.6
18:35:00 18.583 0.616 36.960 9.6 865.9
18:35:02 18.584 0.617 37.020 9.6 865.9
18:35:03 18.584 0.617 37.020 9.6 868.9
18:35:05 18.585 0.618 37.080 9.6 868.9
18:35:06 18.585 0.618 37.080 9.6 870.3
18:35:08 18.586 0.619 37.140 9.6 870.3
18:35:10 18.586 0.619 37.140 9.6 872.4
18:35:11 18.586 0.619 37.140 9.6 872.4
18:35:13 18.587 0.620 37.200 9.6 876.5
18:35:14 18.587 0.620 37.200 9.6 876.5
18:35:16 18.588 0.621 37.260 9.6 877.2
18:35:17 18.588 0.621 37.260 9.6 877.2
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:35:19 18.589 0.622 37.320 9.6 872.3
18:35:21 18.589 0.622 37.320 9.6 872.3
18:35:22 18.59 0.623 37.380 9.6 873
18:35:24 18.59 0.623 37.380 9.6 873
18:35:26 18.59 0.623 37.380 9.6 875.4
18:35:27 18.591 0.624 37.440 9.6 875.4
18:35:29 18.591 0.624 37.440 9.6 875
18:35:30 18.592 0.625 37.500 9.6 875
18:35:32 18.592 0.625 37.500 9.6 873.4
18:35:34 18.593 0.626 37.560 9.6 873.4
18:35:35 18.593 0.626 37.560 9.6 870
18:35:36 18.593 0.626 37.560 9.6 870
18:35:38 18.594 0.627 37.620 9.6 868.6
18:35:40 18.594 0.627 37.620 9.6 868.6
18:35:41 18.595 0.628 37.680 9.6 870.5
18:35:43 18.595 0.628 37.680 9.6 870.5
18:36:13 18.604 0.637 38.220 9.6 871.5
18:36:44 18.612 0.645 38.700 9.6 867.9
18:37:14 18.621 0.654 39.240 9.6 867
18:37:44 18.629 0.662 39.720 9.6 866.7
18:38:15 18.637 0.670 40.200 9.6 864.9
18:38:45 18.646 0.679 40.740 9.6 862.7
18:39:15 18.654 0.687 41.220 9.6 865.9
18:39:46 18.663 0.696 41.760 9.6 867.3
18:40:02 18.667 0.700 42.000 9.6 865.5
18:40:03 18.668 0.701 42.060 9.6 864.7
18:40:05 18.668 0.701 42.060 9.6 864.7
18:40:06 18.668 0.701 42.060 9.6 861.3
18:40:08 18.669 0.702 42.120 9.6 861.3
18:40:09 18.669 0.702 42.120 9.6 859.8
18:40:11 18.67 0.703 42.180 9.6 859.8
18:40:13 18.67 0.703 42.180 9.6 858.9
18:40:14 18.671 0.704 42.240 9.6 858.9
18:40:16 18.671 0.704 42.240 9.6 857.7
18:40:17 18.672 0.705 42.300 9.6 857.7
18:40:19 18.672 0.705 42.300 9.6 862.3
18:40:21 18.672 0.705 42.300 9.6 862.3
18:40:22 18.673 0.706 42.360 9.6 866.4
18:40:24 18.673 0.706 42.360 9.6 866.4
18:40:25 18.674 0.707 42.420 9.6 864.4
18:40:27 18.674 0.707 42.420 9.6 864.4
18:40:29 18.675 0.708 42.480 9.6 861.7
18:40:30 18.675 0.708 42.480 9.6 861.7
18:40:32 18.676 0.709 42.540 9.6 860.5
18:40:33 18.676 0.709 42.540 9.6 860.5
18:40:35 18.676 0.709 42.540 9.6 862.1
18:40:37 18.677 0.710 42.600 9.6 862.1
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:40:38 18.677 0.710 42.600 9.6 863.6
18:40:40 18.678 0.711 42.660 9.6 863.6
18:40:41 18.678 0.711 42.660 9.6 864
18:40:43 18.679 0.712 42.720 9.6 864
18:40:45 18.679 0.712 42.720 9.6 863.4
18:40:46 18.68 0.713 42.780 9.6 863.4
18:40:48 18.68 0.713 42.780 9.6 863.1
18:40:50 18.68 0.713 42.780 9.6 863.1
18:40:51 18.681 0.714 42.840 9.6 864.8
18:40:52 18.681 0.714 42.840 9.6 864.8
18:40:54 18.682 0.715 42.900 12.5 890.2
18:40:56 18.682 0.715 42.900 12.5 890.2
18:40:57 18.683 0.716 42.960 12.5 920.5
18:40:59 18.683 0.716 42.960 12.5 920.5
18:41:00 18.683 0.716 42.960 12.5 942.1
18:41:02 18.684 0.717 43.020 12.5 942.1
18:41:04 18.684 0.717 43.020 12.5 946.6
18:41:05 18.685 0.718 43.080 12.5 946.6
18:41:07 18.685 0.718 43.080 12.5 943.5
18:41:08 18.686 0.719 43.140 12.5 943.5
18:41:10 18.686 0.719 43.140 12.5 939.7
18:41:12 18.687 0.720 43.200 12.5 939.7
18:41:13 18.687 0.720 43.200 12.5 940.2
18:41:15 18.687 0.720 43.200 12.5 940.2
18:41:16 18.688 0.721 43.260 12.5 945.2
18:41:18 18.688 0.721 43.260 12.5 945.2
18:41:20 18.689 0.722 43.320 12.5 947.6
18:41:21 18.689 0.722 43.320 12.5 947.6
18:41:23 18.69 0.723 43.380 12.5 944.9
18:41:24 18.69 0.723 43.380 12.5 944.9
18:41:26 18.691 0.724 43.440 12.5 942.7
18:41:28 18.691 0.724 43.440 12.5 942.7
18:41:29 18.691 0.724 43.440 12.5 942.1
18:41:31 18.692 0.725 43.500 12.5 942.1
18:41:33 18.692 0.725 43.500 12.5 943.3
18:41:34 18.693 0.726 43.560 12.5 943.3
18:41:36 18.693 0.726 43.560 12.5 941.1
18:41:37 18.694 0.727 43.620 12.5 941.1
18:41:39 18.694 0.727 43.620 12.5 940.1
18:41:40 18.695 0.728 43.680 12.5 940.1
18:41:42 18.695 0.728 43.680 12.5 938.5
18:41:44 18.695 0.728 43.680 12.5 938.5
18:41:45 18.696 0.729 43.740 12.5 936.8
18:41:47 18.696 0.729 43.740 12.5 936.8
18:41:48 18.697 0.730 43.800 12.5 936.2
18:41:50 18.697 0.730 43.800 12.5 936.2
18:41:51 18.698 0.731 43.860 12.5 935.8
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Step Rate Injection Test Data MCC 544 1000'-1066'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

18:41:53 18.698 0.731 43.860 12.5 935.8
18:41:55 18.699 0.732 43.920 12.5 941.4
18:41:56 18.699 0.732 43.920 12.5 941.4
18:41:58 18.699 0.732 43.920 12.5 938.3
18:42:00 18.7 0.733 43.980 12.5 938.3
18:42:01 18.7 0.733 43.980 12.5 940.9
18:42:03 18.701 0.734 44.040 12.5 940.9
18:42:04 18.701 0.734 44.040 12.5 939.2
18:42:06 18.702 0.735 44.100 12.5 939.2
18:42:08 18.702 0.735 44.100 12.5 940
18:42:09 18.703 0.736 44.160 12.5 940
18:42:11 18.703 0.736 44.160 12.5 942.5
18:42:12 18.703 0.736 44.160 12.5 942.5
18:42:14 18.704 0.737 44.220 12.5 940.4
18:42:15 18.704 0.737 44.220 12.5 940.4
18:42:17 18.705 0.738 44.280 12.5 939.6
18:42:19 18.705 0.738 44.280 12.5 939.6
18:42:20 18.706 0.739 44.340 12.5 943.2
18:42:22 18.706 0.739 44.340 12.5 943.2
18:42:52 18.714 0.747 44.820 12.5 941.1
18:43:22 18.723 0.756 45.360 12.5 937.3
18:44:04 18.734 0.767 46.020 12.5 938.9
18:44:34 18.743 0.776 46.560 12.5 937.8
18:45:05 18.751 0.784 47.040 12.5 940.9
18:45:35 18.76 0.793 47.580 12.5 939.9
18:46:05 18.768 0.801 48.060 12.5 945.5
18:46:36 18.777 0.810 48.600 12.5 945
18:47:06 18.785 0.818 49.080 12.5 947.9
18:47:36 18.793 0.826 49.560 12.5 938.5
18:48:07 18.802 0.835 50.100 12.5 938.3
18:48:37 18.81 0.843 50.580 12.5 939 End Test
18:49:07 18.819 0.852 51.120 - 435.8
18:49:37 18.827 0.860 51.600 - 420.7
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Pressure Falloff Data MCC 544 1253' - 1305'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
13:00:23 13.006 - - - 538.7 -

13:01:24 13.023 0.017 1.02 0.0007083 542.2 0.0304613
13:01:29 13.025 0.019 1.14 0.0007917 543.3 0.0400348
13:01:34 13.026 0.02 1.2 0.0008333 545.8 0.0617929
13:01:39 13.027 0.021 1.26 0.000875 546.9 0.0713664
13:01:43 13.029 0.023 1.38 0.0009583 553.1 0.1253264
13:01:48 13.03 0.024 1.44 0.001 561.4 0.1975631
13:01:53 13.031 0.025 1.5 0.0010417 589 0.437772
13:01:58 13.033 0.027 1.62 0.001125 608.3 0.6057441
13:02:02 13.034 0.028 1.68 0.0011667 639.8 0.8798956
13:02:07 13.035 0.029 1.74 0.0012083 653.6 1
13:02:12 13.037 0.031 1.86 0.0012917 645.6 0.9303742
13:02:17 13.038 0.032 1.92 0.0013333 642.5 0.9033943
13:02:22 13.039 0.033 1.98 0.001375 637.4 0.8590078
13:02:26 13.041 0.035 2.1 0.0014583 635.4 0.8416014
13:02:31 13.042 0.036 2.16 0.0015 631.4 0.8067885
13:02:36 13.043 0.037 2.22 0.0015417 629.6 0.7911227
13:02:41 13.045 0.039 2.34 0.001625 626.2 0.7615318
13:02:46 13.046 0.04 2.4 0.0016667 624.7 0.7484769
13:02:50 13.047 0.041 2.46 0.0017083 621.6 0.721497
13:02:55 13.049 0.043 2.58 0.0017917 620.2 0.7093124
13:03:00 13.05 0.044 2.64 0.0018333 617.5 0.6858138
13:03:05 13.051 0.045 2.7 0.001875 616.2 0.6744996
13:03:09 13.053 0.047 2.82 0.0019583 613.8 0.6536118
13:03:14 13.054 0.048 2.88 0.002 612.7 0.6440383
13:03:19 13.055 0.049 2.94 0.0020417 610.4 0.6240209
13:03:24 13.057 0.051 3.06 0.002125 609.5 0.616188
13:03:29 13.058 0.052 3.12 0.0021667 607.6 0.5996519
13:03:34 13.059 0.053 3.18 0.0022083 606.7 0.591819
13:03:38 13.061 0.055 3.3 0.0022917 604.8 0.5752829
13:03:43 13.062 0.056 3.36 0.0023333 603.9 0.56745
13:03:48 13.063 0.057 3.42 0.002375 602.2 0.5526545
13:03:53 13.065 0.059 3.54 0.0024583 601.2 0.5439513
13:03:57 13.066 0.06 3.6 0.0025 599.7 0.5308964
13:04:02 13.067 0.061 3.66 0.0025417 598.8 0.5230635
13:04:07 13.069 0.063 3.78 0.002625 597.2 0.5091384
13:04:12 13.07 0.064 3.84 0.0026667 596.3 0.5013055
13:04:17 13.071 0.065 3.9 0.0027083 595.5 0.4943429
13:04:21 13.073 0.067 4.02 0.0027917 595 0.4899913
13:04:26 13.074 0.068 4.08 0.0028333 593.7 0.4786771
13:04:31 13.075 0.069 4.14 0.002875 593.1 0.4734552
13:04:36 13.077 0.071 4.26 0.0029583 591.9 0.4630113
13:04:41 13.078 0.072 4.32 0.003 591.3 0.4577894
13:04:45 13.079 0.073 4.38 0.0030417 590.3 0.4490862
13:04:50 13.081 0.075 4.5 0.003125 589.8 0.4447346
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Pressure Falloff Data MCC 544 1253' - 1305'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

13:04:55 13.082 0.076 4.56 0.0031667 588.4 0.43255
13:05:00 13.083 0.077 4.62 0.0032083 587.9 0.4281984
13:05:05 13.085 0.079 4.74 0.0032917 587.2 0.4221062
13:05:09 13.086 0.08 4.8 0.0033333 586.6 0.4168842
13:05:14 13.087 0.081 4.86 0.003375 585.5 0.4073107
13:05:19 13.089 0.083 4.98 0.0034583 585.1 0.4038294
13:05:24 13.09 0.084 5.04 0.0035 584.2 0.3959965
13:05:28 13.091 0.085 5.1 0.0035417 584 0.3942559
13:05:33 13.093 0.087 5.22 0.003625 583 0.3855527
13:05:38 13.094 0.088 5.28 0.0036667 582.7 0.3829417
13:05:43 13.095 0.089 5.34 0.0037083 581.7 0.3742385
13:05:48 13.097 0.091 5.46 0.0037917 581.3 0.3707572
13:05:52 13.098 0.092 5.52 0.0038333 580.7 0.3655352
13:05:57 13.099 0.093 5.58 0.003875 580.4 0.3629243
13:06:02 13.101 0.095 5.7 0.0039583 579.8 0.3577023
13:06:07 13.102 0.096 5.76 0.004 579.4 0.3542211
13:06:28 13.108 0.102 6.12 0.00425 577.7 0.3394256
13:07:28 13.125 0.119 7.14 0.0049583 572.8 0.2967798
13:08:28 13.141 0.135 8.1 0.005625 568.9 0.2628372
13:09:28 13.158 0.152 9.12 0.0063333 566.3 0.2402089
13:10:29 13.175 0.169 10.14 0.0070417 563.4 0.2149695
13:11:30 13.192 0.186 11.16 0.00775 561 0.1940818
13:12:29 13.208 0.202 12.12 0.0084167 559 0.1766754
13:13:29 13.225 0.219 13.14 0.009125 557.2 0.1610096
13:15:29 13.258 0.252 15.12 0.0105 554.4 0.1366406
13:16:49 13.28 0.274 16.44 0.0114167 552.6 0.1209748
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Step Rate Test

13:27:01 13.45 #REF! #REF! #REF! 486.8
13:28:01 13.467 #REF! #REF! #REF! 487.3
13:29:02 13.484 #REF! #REF! #REF! 487.4
13:30:03 13.501 #REF! #REF! #REF! 486.8
13:31:03 13.518 #REF! #REF! #REF! 486.8
13:32:04 13.534 #REF! #REF! #REF! 486.3
13:34:01 13.567 #REF! #REF! #REF! 532.3
13:35:02 13.584 #REF! #REF! #REF! 533.3
13:36:02 13.601 #REF! #REF! #REF! 533.4
13:36:44 13.612 #REF! #REF! #REF! 533.4
13:36:49 13.614 #REF! #REF! #REF! 533.4
13:36:54 13.615 #REF! #REF! #REF! 533.3
13:36:58 13.616 #REF! #REF! #REF! 533.4
13:37:03 13.618 #REF! #REF! #REF! 533.4
13:37:08 13.619 #REF! #REF! #REF! 533.4
13:37:13 13.62 #REF! #REF! #REF! 533.3
13:37:17 13.622 #REF! #REF! #REF! 533.5
13:37:22 13.623 #REF! #REF! #REF! 533.8
13:37:27 13.624 #REF! #REF! #REF! 534.4
13:37:32 13.625 #REF! #REF! #REF! 534.9
13:37:36 13.627 #REF! #REF! #REF! 535.1
13:37:41 13.628 #REF! #REF! #REF! 535.7
13:37:46 13.63 #REF! #REF! #REF! 536.3
13:37:51 13.631 #REF! #REF! #REF! 537.1
13:37:56 13.632 #REF! #REF! #REF! 537.7
13:38:01 13.634 #REF! #REF! #REF! 538.8
13:38:05 13.635 #REF! #REF! #REF! 539.7
13:38:10 13.636 #REF! #REF! #REF! 541.5
13:38:15 13.637 #REF! #REF! #REF! 542.4
13:38:20 13.639 #REF! #REF! #REF! 544.6
13:38:25 13.64 #REF! #REF! #REF! 545.6
13:38:29 13.641 #REF! #REF! #REF! 548.2
13:38:34 13.643 #REF! #REF! #REF! 549.6
13:38:39 13.644 #REF! #REF! #REF! 551.7
13:38:44 13.645 #REF! #REF! #REF! 553.2
13:38:48 13.647 #REF! #REF! #REF! 556.2
13:38:53 13.648 #REF! #REF! #REF! 558.6
13:38:58 13.649 #REF! #REF! #REF! 563.2
13:39:03 13.651 #REF! #REF! #REF! 565.1
13:39:08 13.652 #REF! #REF! #REF! 572.6
13:39:12 13.653 #REF! #REF! #REF! 576.5
13:39:17 13.655 #REF! #REF! #REF! 596.1
13:39:22 13.656 #REF! #REF! #REF! 603.1
13:39:27 13.657 #REF! #REF! #REF! 609.9
13:39:32 13.659 #REF! #REF! #REF! 620.2
13:39:36 13.66 #REF! #REF! #REF! 640.2
13:39:41 13.661 #REF! #REF! #REF! 645
13:39:46 13.663 #REF! #REF! #REF! 605.1
13:39:51 13.664 #REF! #REF! #REF! 588.7
13:39:56 13.665 #REF! #REF! #REF! 584.1
13:40:00 13.667 #REF! #REF! #REF! 588.4
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Step Rate Test

13:40:05 13.668 #REF! #REF! #REF! 599.8
13:40:10 13.669 #REF! #REF! #REF! 610.5
13:40:15 13.671 #REF! #REF! #REF! 633.3
13:40:20 13.672 #REF! #REF! #REF! 637.1
13:40:24 13.673 #REF! #REF! #REF! 641.4
13:40:29 13.675 #REF! #REF! #REF! 642.3
13:40:34 13.676 #REF! #REF! #REF! 625.4
13:40:39 13.677 #REF! #REF! #REF! 611.2
13:40:44 13.679 #REF! #REF! #REF! 605.1
13:40:48 13.68 #REF! #REF! #REF! 611.7
13:40:53 13.681 #REF! #REF! #REF! 630.9
13:40:58 13.683 #REF! #REF! #REF! 644.9
13:41:03 13.684 #REF! #REF! #REF! 655.5
13:41:07 13.685 #REF! #REF! #REF! 648.5
13:41:12 13.687 #REF! #REF! #REF! 630.7
13:41:17 13.688 #REF! #REF! #REF! 629
13:41:22 13.689 #REF! #REF! #REF! 628.2
13:41:27 13.691 #REF! #REF! #REF! 633.8
13:41:31 13.692 #REF! #REF! #REF! 640.9
13:41:36 13.693 #REF! #REF! #REF! 642.9
13:41:41 13.695 #REF! #REF! #REF! 644.5
13:41:46 13.696 #REF! #REF! #REF! 644.5
13:41:51 13.697 #REF! #REF! #REF! 632.7
13:41:55 13.699 #REF! #REF! #REF! 622.6
13:42:00 13.7 #REF! #REF! #REF! 617.1
13:42:05 13.701 #REF! #REF! #REF! 616.6
13:42:10 13.703 #REF! #REF! #REF! 615.2
13:42:14 13.704 #REF! #REF! #REF! 618
13:42:19 13.705 #REF! #REF! #REF! 627.3
13:42:24 13.707 #REF! #REF! #REF! 641.1
13:42:29 13.708 #REF! #REF! #REF! 654.2
13:42:46 13.713 #REF! #REF! #REF! 658.5
13:42:51 13.714 #REF! #REF! #REF! 656.9
13:42:58 13.716 #REF! #REF! #REF! 659.6
13:43:04 13.718 #REF! #REF! #REF! 658
13:43:10 13.72 #REF! #REF! #REF! 658.6
13:43:17 13.721 #REF! #REF! #REF! 657
13:43:23 13.723 #REF! #REF! #REF! 658
13:43:30 13.725 #REF! #REF! #REF! 656.1
13:43:36 13.727 #REF! #REF! #REF! 657.7
13:43:42 13.728 #REF! #REF! #REF! 657
13:43:49 13.73 #REF! #REF! #REF! 656.8
13:43:55 13.732 #REF! #REF! #REF! 657.6
13:44:00 13.733 #REF! #REF! #REF! 656.6
13:44:06 13.735 #REF! #REF! #REF! 658.5
13:44:13 13.737 #REF! #REF! #REF! 659.2
13:44:19 13.739 #REF! #REF! #REF! 659.2
13:44:25 13.74 #REF! #REF! #REF! 658.6
13:44:32 13.742 #REF! #REF! #REF! 659.1
13:44:38 13.744 #REF! #REF! #REF! 658.5
13:44:45 13.746 #REF! #REF! #REF! 659.9
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Step Rate Test

13:44:51 13.747 #REF! #REF! #REF! 659.7
13:44:57 13.749 #REF! #REF! #REF! 660.3
13:45:02 13.751 #REF! #REF! #REF! 658.2
13:45:09 13.752 #REF! #REF! #REF! 660.4
13:45:15 13.754 #REF! #REF! #REF! 657.3
13:45:21 13.756 #REF! #REF! #REF! 659.2
13:45:26 13.757 #REF! #REF! #REF! 658.2
13:45:57 13.766 #REF! #REF! #REF! 662.5
13:46:27 13.774 #REF! #REF! #REF! 658.2
13:46:57 13.783 #REF! #REF! #REF! 659.2
13:47:28 13.791 #REF! #REF! #REF! 658.7
13:47:58 13.799 #REF! #REF! #REF! 657.8
13:48:28 13.808 #REF! #REF! #REF! 656.2
13:48:59 13.816 #REF! #REF! #REF! 657.7
13:49:29 13.825 #REF! #REF! #REF! 656.6
13:49:59 13.833 #REF! #REF! #REF! 656.3
13:50:30 13.842 #REF! #REF! #REF! 655.9
13:51:00 13.85 #REF! #REF! #REF! 660.9
13:51:30 13.858 #REF! #REF! #REF! 657.4
13:52:01 13.867 #REF! #REF! #REF! 659.9
13:52:31 13.875 #REF! #REF! #REF! 673.2
13:52:52 13.881 #REF! #REF! #REF! 864.6
13:52:57 13.882 #REF! #REF! #REF! 855.5
13:53:01 13.884 #REF! #REF! #REF! 855.2
13:53:06 13.885 #REF! #REF! #REF! 840.7
13:53:11 13.886 #REF! #REF! #REF! 842.8
13:53:16 13.888 #REF! #REF! #REF! 860.8
13:53:35 13.893 #REF! #REF! #REF! 855.7
13:53:40 13.894 #REF! #REF! #REF! 857.8
13:53:46 13.896 #REF! #REF! #REF! 843.4
13:53:53 13.898 #REF! #REF! #REF! 834.7
13:53:59 13.9 #REF! #REF! #REF! 848.1
13:54:05 13.902 #REF! #REF! #REF! 866
13:54:12 13.903 #REF! #REF! #REF! 856.5
13:54:18 13.905 #REF! #REF! #REF! 841.1
13:54:25 13.907 #REF! #REF! #REF! 841.6
13:54:31 13.909 #REF! #REF! #REF! 862.5
13:54:37 13.91 #REF! #REF! #REF! 859
13:54:44 13.912 #REF! #REF! #REF! 846.3
13:54:50 13.914 #REF! #REF! #REF! 852.2
13:54:56 13.916 #REF! #REF! #REF! 874.1
13:55:01 13.917 #REF! #REF! #REF! 859.4
13:55:08 13.919 #REF! #REF! #REF! 870.1
13:55:14 13.921 #REF! #REF! #REF! 874.6
13:55:20 13.922 #REF! #REF! #REF! 858.9
13:55:27 13.924 #REF! #REF! #REF! 847.1
13:55:33 13.926 #REF! #REF! #REF! 853.6
13:55:40 13.928 #REF! #REF! #REF! 868.6
13:55:45 13.929 #REF! #REF! #REF! 873.9
13:55:51 13.931 #REF! #REF! #REF! 856.6
13:56:21 13.939 #REF! #REF! #REF! 854.7
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Step Rate Test

13:56:52 13.948 #REF! #REF! #REF! 854.8
13:57:22 13.956 #REF! #REF! #REF! 851.7
13:57:52 13.964 #REF! #REF! #REF! 853.9
13:58:23 13.973 #REF! #REF! #REF! 839.8
13:58:53 13.981 #REF! #REF! #REF! 840.2
13:59:23 13.99 #REF! #REF! #REF! 548.3
13:59:54 13.998 #REF! #REF! #REF! 539.9
14:00:24 14.007 #REF! #REF! #REF! 539.7
14:00:54 14.015 #REF! #REF! #REF! 539.6
14:01:25 14.024 #REF! #REF! #REF! 539.6
14:01:55 14.032 #REF! #REF! #REF! 539.3
17:21:18 17.355 #REF! #REF! #REF! -7.8
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Slug Test Data MCC 544 1253' - 1305'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time (min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
12:29:33 12.493 - - - 486.4 -

12:29:38 12.494 0.001 0.06 4.167E-05 540.9
12:29:43 12.495 0.002 0.12 8.333E-05 541.9
12:29:48 12.497 0.004 0.24 0.0001667 541.5
12:29:53 12.498 0.005 0.3 0.0002083 542
12:29:57 12.499 0.006 0.36 0.00025 541.8
12:30:02 12.501 0.008 0.48 0.0003333 541.9
12:30:07 12.502 0.009 0.54 0.000375 541.8
12:30:12 12.503 0.01 0.6 0.0004167 541.8
12:30:17 12.505 0.012 0.72 0.0005 541.9
12:30:21 12.506 0.013 0.78 0.0005417 542
12:30:26 12.507 0.014 0.84 0.0005833 541.8
12:30:31 12.509 0.016 0.96 0.0006667 541.9
12:30:36 12.51 0.017 1.02 0.0007083 541.8
12:31:04 12.518 0.025 1.5 0.0010417 541.8
12:31:09 12.519 0.026 1.56 0.0010833 541.8
12:32:10 12.536 0.043 2.58 0.0017917 541.5
12:33:09 12.553 0.06 3.6 0.0025 541.3
12:34:10 12.569 0.076 4.56 0.0031667 541.2
12:35:10 12.586 0.093 5.58 0.003875 540.9
12:36:10 12.603 0.11 6.6 0.0045833 540.6
12:37:10 12.62 0.127 7.62 0.0052917 540.5
12:38:11 12.636 0.143 8.58 0.0059583 539.9
12:39:10 12.653 0.16 9.6 0.0066667 540.4
12:41:05 12.685 0.192 11.52 0.008 540.5
12:42:06 12.702 0.209 12.54 0.0087083 539.8
12:43:06 12.718 0.225 13.5 0.009375 540.1
12:44:07 12.735 0.242 14.52 0.0100833 538.4
12:46:15 12.771 0.278 16.68 0.0115833 540.1
12:47:16 12.788 0.295 17.7 0.0122917 540
12:48:16 12.805 0.312 18.72 0.013 539.9
12:49:17 12.821 0.328 19.68 0.0136667 539.8
12:50:18 12.838 0.345 20.7 0.014375 539.6
12:51:52 12.864 0.371 22.26 0.0154583 539.6
12:52:53 12.881 0.388 23.28 0.0161667 539.4
12:53:53 12.898 0.405 24.3 0.016875 539.3
12:54:54 12.915 0.422 25.32 0.0175833 539.2
12:56:20 12.939 0.446 26.76 0.0185833 539.3
12:57:21 12.956 0.463 27.78 0.0192917 538.9
12:58:22 12.973 0.48 28.8 0.02 538.8
12:59:23 12.99 0.497 29.82 0.0207083 538.9
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Slug Test Data MCC 540 1061'-1097'

Time Time

Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Elapsed 
Time 
(days)

Pressure 
(psig) h/ho

Static Pressure
14:38:00 14.633 0.000 0.000 0.000 403.8 -

14:38:31 14.642 0.009 0.540 0.00038 455 1.000
14:39:01 14.65 0.017 1.020 0.00071 452.7 0.955
14:39:31 14.659 0.026 1.560 0.00108 452.8 0.957
14:40:02 14.667 0.034 2.040 0.00142 452.7 0.955
14:40:32 14.676 0.043 2.580 0.00179 452.6 0.953
14:41:02 14.684 0.051 3.060 0.00213 452.5 0.951
14:41:33 14.692 0.059 3.540 0.00246 452.5 0.951
14:42:03 14.701 0.068 4.080 0.00283 452.5 0.951
14:42:33 14.709 0.076 4.560 0.00317 452.4 0.949
14:43:04 14.718 0.085 5.100 0.00354 452.3 0.947
14:43:34 14.726 0.093 5.580 0.00388 452.3 0.947
14:44:04 14.735 0.102 6.120 0.00425 452.2 0.945
14:44:35 14.743 0.11 6.600 0.00458 452.2 0.945
14:45:05 14.751 0.118 7.080 0.00492 452.2 0.945
14:45:35 14.76 0.127 7.620 0.00529 452.1 0.943
14:46:06 14.768 0.135 8.100 0.00563 452 0.941
14:46:36 14.777 0.144 8.640 0.00600 452.1 0.943
14:47:06 14.785 0.152 9.120 0.00633 452 0.941
14:47:37 14.794 0.161 9.660 0.00671 451.9 0.939
14:48:07 14.802 0.169 10.140 0.00704 451.8 0.938
14:48:37 14.81 0.177 10.620 0.00738 451.8 0.938
14:49:08 14.819 0.186 11.160 0.00775 451.7 0.936
14:49:38 14.827 0.194 11.640 0.00808 451.7 0.936

Note: Formation did not take fluid and test was terminated.
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Step Rate Injection Test MCC 540 1061'-1097'

Time Time
Elapsed 
Time (hrs)

Elapsed 
Time 
(min)

Injection 
Rate 
(gpm)

Pressure 
(psig)

14:50:09 14.836 0.000 0.000 3.5 451.9
14:50:39 14.844 0.008 0.480 3.5 453.6
14:51:33 14.859 0.023 1.380 3.5 462.8
14:52:04 14.868 0.032 1.920 3.5 464
14:52:34 14.876 0.040 2.400 3.5 542.9
14:53:04 14.885 0.049 2.940 3.5 578.8
14:53:35 14.893 0.057 3.420 3.5 523.9
14:54:05 14.901 0.065 3.900 3.5 539.8
14:54:35 14.91 0.074 4.440 3.5 709.5
14:55:05 14.918 0.082 4.920 3.5 732.9
14:55:36 14.927 0.091 5.460 3.5 737.5
14:56:06 14.935 0.099 5.940 3.5 769.9
14:56:37 14.943 0.107 6.420 3.5 752.4
14:57:07 14.952 0.116 6.960 3.5 746.6
14:57:37 14.96 0.124 7.440 3.5 751.9
14:58:08 14.969 0.133 7.980 3.5 750.8
14:58:38 14.977 0.141 8.460 3.5 752.1
14:59:26 14.991 0.155 9.300 3.5 747.6
14:59:56 14.999 0.163 9.780 3.5 751.4
15:00:26 15.007 0.171 10.260 5.5 1091.6
15:00:57 15.016 0.180 10.800 5.5 1141.7
15:01:27 15.024 0.188 11.280 5.5 1146.2
15:01:57 15.033 0.197 11.820 5.5 1146
15:02:28 15.041 0.205 12.300 5.5 1142
15:02:58 15.049 0.213 12.780 5.5 1140.5
15:03:29 15.058 0.222 13.320 5.5 1143.2 Fm Fractured
15:03:59 15.066 0.230 13.800 5.5 1127.2
15:04:29 15.075 0.239 14.340 5.5 1094.3
15:05:00 15.083 0.247 14.820 5.5 1076.5
15:05:49 15.097 0.261 15.660 5.5 1075.7
15:06:19 15.105 0.269 16.140 5.5 1081.7
15:06:50 15.114 0.278 16.680 5.5 1077.8
15:07:20 15.122 0.286 17.160 6 1056.6
15:07:50 15.131 0.295 17.700 6 1055.9
15:08:21 15.139 0.303 18.180 6 1023.4
15:08:51 15.148 0.312 18.720 6 1065.4
15:09:21 15.156 0.320 19.200 6 1052.2
15:09:52 15.164 0.328 19.680 6 1049.3 End Test
15:10:22 15.173 0.337 20.220 - 459
15:10:52 15.181 0.345 20.700 - 453.6
15:11:23 15.19 0.354 21.240 - 458.4
15:11:53 15.198 0.362 21.720 - 458.6
15:12:23 15.207 0.371 22.260 - 458.3
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INTRODUCTION 
Temporary Aquifer Protection Permit (APP) No. P-106360 requires an initial sample to be collected from 
each well of the pilot test facility mine block in order to establish ambient mine block groundwater 
concentrations. An initial sample of the underground workings to characterize ambient discharge 
concentrations is also required.   

SAMPLING AND ANALYSIS 
Groundwater sampling and analysis was conducted in general accordance with the requirements of APP 
Section 2.5.3 (Groundwater Monitoring and Sampling Protocols). Sampling, preservation, and holding 
times were in accordance with accepted industry standards. Three wells, I-01, WB-01, and WB-04, were 
purged for less than three borehole volumes. The reduced purge did not appear to affect sampling 
results. Sampling records will be stored at the project site per permit requirements. 

RESULTS 
Results are summarized in the following tables, which include the maximum result for each parameter.    
• Table 1 – Sampling Analyses; 
• Table 2 – Primary Four Indicator Parameters (Level 1); 
• Table 3 – Field Parameters; 
• Table 4 – Trace Metal Parameters; 
• Table 5 – Organic Parameters; and 
• Table 6 – Radiochemical Parameters. 

Five total radium results exceeded the Aquifer Water Quality Standard (AWQS) during this ambient-
baseline event. No other results exceeded an AWQS. 
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Table 1. Summary of Sampling Analyses 

Analysis Method Preservative 

Common Ions 

pH (lab) SM 4500H+ None 

Electroconductivity (EC) (lab) SM 2510B None 

Alkalinity – Bicarbonate, Carbonate, Hydroxide, and Total SM 2320B None 

Ammonia (Underground Workings Only) SM 4500-NH3 H2SO4 

Chloride EPA 300.0 None 

Cyanide (PTF Samples Only) EPA 335.4 NaOH 

Fluoride (Level I Indicator) EPA 300.0 None 

Nitrate as N EPA 300.0 None 

Nitrite as N (PTF Samples Only) EPA 300.0 None 

Sulfate (Level I Indicator) EPA 300.0 None 

Total Dissolved Solids (Level I Indicator) SM 2540C None 

Formation-Related Radiochemicals 

Gross Alpha 600/00-02 None 

Radium 226 903/GammaRay HPGE None 

Radium 228 904/GammaRay HPGE None 

Total Uranium Isotopes (Activity) (if G. Alpha >12.0) ASTM 6239 None 

Total Uranium (unfiltered total as mg/L) EPA 200.8 HNO3 

Process-Related Organics 

Extractable Fuel Hydrocarbons (Diesel-Range Organics) EPA 8015D None 

Benzene EPA 8260B HCl 

Carbon Disulfide EPA 8260B HCl 

Ethylbenzene EPA 8260B HCl 

Toluene EPA 8260B HCl 

Total Xylene EPA 8260B HCl 

Trace Metals (Dissolved) 

Aluminum EPA 200.8 HNO3 

Antimony EPA 200.8 HNO3 

Arsenic EPA 200.8 HNO3 

Barium EPA 200.8 HNO3 

Beryllium EPA 200.8 HNO3 

Cadmium EPA 200.8 HNO3 

Calcium EPA 200.7 HNO3 

Chromium EPA 200.8 HNO3 

Cobalt EPA 200.8 HNO3 

Copper EPA 200.8 HNO3 

Iron EPA 200.8 HNO3 

Lead EPA 200.8 HNO3 



Ambient Mine Block and Underground Workings Concentrations 
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Table 1. Summary of Sampling Analyses 

Analysis Method Preservative 

Magnesium (Level I Indicator) EPA 200.7 HNO3 

Manganese EPA 200.8 HNO3 

Mercury EPA 245.1 HNO3 

Nickel EPA 200.8 HNO3 

Potassium EPA 200.7 HNO3 

Selenium EPA 200.8 HNO3 

Sodium EPA 200.7 HNO3 

Thallium EPA 200.8 HNO3 

Uranium (*Total) EPA 200.8 HNO3 

Zinc EPA 200.8 HNO3 

 



Well ID Sample Date Magnesium Sulfate Field pHFluoride Field ECTotal Dissolved Solids Field Temp

Table 2. Summary of Indicator Parameters, PTF Wells

Injection/Pumping Wells

I-01 Apr 11 2018 25 200  <0.5 1000 153125.67 7.65

I-02 Jul 18 2018 24 170  <0.5 1000 153927.8 7.42

I-03 May 02 2018 26 180  <0.5 990 191625 7.48

I-04 Apr 19 2018 24 150  <0.5 990 160625.54 7.57

Recovery Wells

R-01 Aug 08 2018 24 200  <0.5 1000 167232.4 7.61

R-02 Aug 08 2018 22 150  <0.5 950 156428.4 7.42

R-03 Aug 08 2018 15 120  <0.5 720 125227.3 7.51

R-04 Aug 08 2018 19 130  <0.5 920 145827.9 7.59

R-05 Aug 08 2018 24 160  <0.5 980 156927.6 7.52

R-06 Jul 16 2018 20 140  <0.5 1100 148728.9 6.61

R-06 (Dup) Jul 16 2018 20 140  <0.5 1200 148728.9 6.61

R-07 Aug 08 2018 20 130  <0.5 800 135627.6 7.54

R-08 Aug 08 2018 22 180  <0.5 1000 167031.2 7.49

R-09 Apr 23 2018 27 190  <0.5 1000 144625.64 7.52

Observation Wells

O-01 Jun 28 2018 12 150 0.63 720 124624 9.1

O-02 Jun 28 2018 7.7 200 0.89 660 107525.3 7.52

O-03 Jun 28 2018 11 100 0.58 640 113724.1 7.69

O-04 Jun 28 2018 23 180  <0.5 910 151525.6 7.17

O-05 Jun 28 2018 15 110  <0.5 680 120124.5 7.57

O-06 Jul 05 2018 13 120 0.53 710 118624 7.29

O-07 Jul 05 2018 30 230  <0.5 1000 159324.2 7.43

O-07 (Dup) Jul 05 2018 30 210  <0.5 1000 159324.2 7.43

Westbay

WB-01 Apr 11 2018 27 200  <0.5 990 151225.5 7.72

WB-02 Apr 18 2018 25 180  <0.5 950 149124.84 7.64

WB-03 Mar 30 2018 27 180  <0.4 1000 188925.5 7.64

WB-04 Apr 05 2018 27 170  <0.5 950 160625.7 7.49

Shaft

Shaft Jun 05 2018 20  <5 0.63 730 129329.07 6.83

Arizona Aquifer Water Quality Standard    -        -         4       -  

All Results in Milligrams per Liter (mg/l)

< = Less than the Laboratory Practical Quantitation Limit

NA = Not Analyzed

   -        -        -     

Maximum 30 230 0.89 1200 32.4 9.1 1916
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Table 3. Summary of Common Inorganic Analytical Results, PTF Wells

Calcium Chloride Nitrate

 as N

Well ID Sample Date pH

(Lab)

Potassium SodiumBicarbonate 

Alkalinity

Carbonate 

Alkalinity

EC

(Lab)

Hydroxide 

Alkalinity

Total 

Alkalinity

Cyanide 

(Free)

Nitrite

 as N

Injection/Pumping Wells

Apr 11 2018 130 320 8.5I-01 7.66.4 180 <2.160  <2. 1700160  <0.1  <0.1

Jul 18 2018 120 320 7.97I-02 7.46.5 140 <2.140  <2. 1600140  <0.1  <0.1

May 02 2018 130 340 7.9I-03 7.66.6 180 <2.140  <2. 1700140  <0.1  <0.1

Apr 19 2018 120 310 8.4I-04 7.95.6 140 <2.130  <2. 1700130  <0.1  <0.1

Recovery Wells

Aug 08 2018 120 280 8.9R-01 7.66. 160 <2.170  <2. 1700170  <0.1  <0.1

Aug 08 2018 110 290 6.4R-02 7.66.2 160 <2.140  <2. 1500140  <0.1  <0.1

Aug 08 2018 81 240 5.2R-03 7.65.5 130 <2.120  <2. 1200120  <0.1  <0.1

Aug 08 2018 100 270 6.4R-04 7.76.8 140 <2.120  <2. 1600120  <0.1  <0.1

Aug 08 2018 120 300 8.3R-05 7.46.2 140 <2.140  <2. 1700140  <0.1  <0.1

Jul 16 2018 110 340 7.1R-06 6.76.4 150 <2.100  <2. 1600100  <0.1  <0.1

Jul 16 2018 110 340 7.07R-06 (Dup) 6.76.4 150 <2.100  <2. 1500100  <0.1  <0.1

Aug 08 2018 95 280 6.8R-07 7.55.2 120 <2.120  <2. 1300120  <0.1  <0.1

Aug 08 2018 120 330 9.1R-08 7.56.1 170 <2.150  <2. 1800150  <0.1  <0.1

Apr 23 2018 140 310 8.8R-09 7.86.8 170 <2.150  <2. 1700150  <0.1  <0.1

Observation Wells

Jun 28 2018 63 230 4.2O-01 8.711. 16020.98  <2. 1200120  <0.1  <0.1

Jun 28 2018 47 130 0.73O-02 7.7 <5. 160 <2.130  <2. 1100130  <0.1  <0.1

Jun 28 2018 65 220 3.9O-03 7.7 <5. 140 <2.110  <2. 1100110  <0.1  <0.1

Jun 28 2018 110 270 7.6O-04 7.45.6 160 <2.150  <2. 1600150  <0.1  <0.1

Jun 28 2018 75 230 4.4O-05 7.75.5 130 <2.120  <2. 1200120  <0.1  <0.1

Jul 05 2018 66 210 3.2O-06 7.45.1 150 <2.130  <2. 1200130  <0.1  <0.1

Jul 05 2018 130 240 8.8O-07 7.45.8 150 <2.200  <2. 1600200  <0.1  <0.1

Jul 05 2018 130 220 8.O-07 (Dup) 7.55.8 150 <2.200  <2. 1600200  <0.1  <0.1

Westbay

Apr 11 2018 140 310 8.1WB-01 7.66.3 170 <2.150  <2. 1700150  <0.1  <0.1

Apr 18 2018 120 330 8.1WB-02 7.76.1 150 <2.130  <2. 1700130  <0.1  <0.1

Mar 30 2018 140 320 8.8WB-03 7.76.7 170 <2.150  <2. 1600150  <0.1  <0.1

Apr 05 2018 130 300 8.WB-04 7.97. 170 <2.150  <2. 1700150  <0.1  <0.1
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Table 3. Summary of Common Inorganic Analytical Results, PTF Wells

Calcium Chloride Nitrate

 as N

Well ID Sample Date pH

(Lab)

Potassium SodiumBicarbonate 

Alkalinity

Carbonate 

Alkalinity

EC

(Lab)

Hydroxide 

Alkalinity

Total 

Alkalinity

Cyanide 

(Free)

Nitrite

 as N

Shaft

Jun 05 2018 89 190  <0.5Shaft 6.86.9 150 <2.370  <2. 1300370  NR  NR

All results in milligrams per liter (mg/L), except pH in pH units.

< = less than detection limit

NR = Not required

AWQS = Arizona Aquifer Water Quality Standard

Shaft Ammonia - <0.5 mg/L.  Ammonia not required for PTF wells.

Maximum

AWQS -- - -     -  -- 10 -1- -0.2

370 20.0  <2.0 370  <0.1 140 340 9.1  <0.1 11.0 180 8.7 1800
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Total Radium

Table 4. Summary of Radiochemical Analytical Results, PTF Wells

Gross Alpha Radium 228Well ID Sample Date Uranium 

Activity

Adjusted 

Gross Alpha

Radium 226 Uranium 

(mg/L)

Injection/Pumping Wells

Apr 11 2018 15.3 ± 3.6 1.5 ± 0.3I-01 2.7 ± 0.410.6 ± 1.1 4.7 ± 3.8 1.2 ± 0.2 0.016

Jul 18 2018 6.4 ± 0.5 2.3 ± 0.4I-02 3.7 ± 0.5- - 1.4 ± 0.3 0.014

May 02 2018 16.2 ± 0.9 3.3 ± 0.5I-03 4.6 ± 0.510.6 ± 1.1 5.6 ± 1.4 1.3 ± 0.2 0.013

Apr 19 2018 14.2 ± 1.2 2.2 ± 0.4I-04 5 ± 0.512.8 ± 1.2 1.4 ± 1.7 2.8 ± 0.3 0.01

Recovery Wells

Aug 08 2018 32.4 ± 1.7 1.7 ± 0.4R-01 4.5 ± 0.518.2 ± 1.5 14.2 ± 2.3 2.8 ± 0.3 0.029

Aug 08 2018 21.1 ± 1.4 1.8 ± 0.4R-02 3.9 ± 0.57.9 ± 1 13.2 ± 1.7 2.1 ± 0.3 0.013

Aug 08 2018 5.5 ± 0.7 1.1 ± 0.3R-03 1.6 ± 0.4- - 0.5 ± 0.2 0.0053

Aug 08 2018 9.4 ± 0.9 1.1 ± 0.3R-04 1.9 ± 0.4- - 0.8 ± 0.2 0.0065

Aug 08 2018 15.4 ± 1.2 2.5 ± 0.4R-05 5.1 ± 0.57.3 ± 0.9 8.1 ± 1.5 2.6 ± 0.3 0.011

Jul 16 2018 10.9 ± 1 1.2 ± 0.3R-06 3.5 ± 0.4- - 2.3 ± 0.3 0.0085

Jul 16 2018 11.6 ± 1 1.5 ± 0.3R-06 (Dup) 3.1 ± 0.4- - 1.6 ± 0.2 0.0089

Aug 08 2018 12.5 ± 1 2.2 ± 0.4R-07 3.6 ± 0.45 ± 0.8 7.5 ± 1.3 1.4 ± 0.2 0.0073

Aug 08 2018 12.9 ± 1.1 <0.7R-08 1.4 ± 0.26.5 ± 0.9 6.4 ± 1.4 1.4 ± 0.2 0.013

Apr 23 2018 17.7 ± 0.9 3.1 ± 0.4R-09 6.2 ± 0.512.9 ± 1.2 4.8 ± 1.5 3.1 ± 0.3 0.016

Observation Wells

Jun 28 2018 7.8 ± 0.6 2 ± 0.3O-01 2.8 ± 0.4- - 0.8 ± 0.2 0.0044

Jun 28 2018 4 ± 0.8 <0.6O-02 <0.6- - <0.4 0.0037

Jun 28 2018 8.1 ± 0.6 1.7 ± 0.3O-03 2.6 ± 0.4- - 0.9 ± 0.2 0.0025

Jun 28 2018 7.9 ± 0.6 0.7 ± 0.3O-04 1.5 ± 0.4- - 0.8 ± 0.2 0.012

Jun 28 2018 7 ± 6 0.6 ± 0.3O-05 1.2 ± 0.4- - 0.6 ± 0.2 0.0047

Jul 05 2018 3.6 ± 0.4 <0.7O-06 <0.7- - <0.5 0.0048

Jul 05 2018 44.5 ± 1.6 2 ± 0.4O-07 5.6 ± 0.529.1 ± 1.9 15.4 ± 2.5 3.6 ± 0.3 0.046

Jul 05 2018 42.3 ± 1.5 1.8 ± 0.4O-07 (Dup) 5.2 ± 0.528.5 ± 1.9 13.8 ± 2.4 3.4 ± 0.3 0.048

Westbay

Apr 11 2018 17.3 ± 1.9 2.3 ± 0.4WB-01 4.3 ± 0.512.5 ± 1.2 4.8 ± 2.2 2 ± 0.3 0.018

Apr 18 2018 12.1 ± 1 2.8 ± 0.4WB-02 5.5 ± 0.46.6 ± 1.8 5.5 ± 2.1 2.7 ± 0.2 0.0098

Mar 30 2018 11.1 ± 1.7 2.1 ± 0.3WB-03 3.7 ± 0.4- - 1.6 ± 0.3 0.013

Apr 05 2018 13.9 ± 0.8 2.9 ± 0.4WB-04 4.2 ± 0.49.2 ± 1 4.7 ± 1.3 1.3 ± 0.2 0.015

Shaft

Jun 05 2018 3.6 ± 0.7 <0.6Shaft 0.7 ± 0.2- - 0.7 ± 0.2  <0.0005
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Total Radium

Table 4. Summary of Radiochemical Analytical Results, PTF Wells

Gross Alpha Radium 228Well ID Sample Date Uranium 

Activity

Adjusted 

Gross Alpha

Radium 226 Uranium 

(mg/L)

All results in pico-curies per liter (unless noted)  ± a standard deviation of two (pCi/L ± 2σ)

< = less than detection limit

Total Radium = Radium 226 + Radium 228

Uranium activity is measured when Gross Alpha exceeds 12 pCi/L

Adjusted gross alpha is calculated when Gross Alpha exceeds 12 pCi/L

Arizona Aquifer Water Quality Standard -

Maximum 6.2 ± 0.5

15*- - -

9.4 ± 0.9 9.2 ± 1 8.1 ± 1.5 3.6 ± 0.3 3.3 ± 0.5

515 *
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Table 5.  Summary of Organic Analytical Results, PTF Wells

Benzene Ethylbenzene TolueneWell ID Sample Date Carbon 

Disulfide

Total Xylene Total Petroleum 

Hydrocarbons - Diesel

Injection/Pumping Wells

Apr 11 2018  <0.0005  <0.0005  <0.0005I-01  <0.0015  <0.1 <0.002

Jul 18 2018  <0.0005  <0.0005 0.0016I-02  <0.0015  <0.1 <0.002

May 02 2018  <0.0005  <0.0005 0.0008I-03  <0.0015  <0.1 <0.002

Apr 19 2018  <0.0005  <0.0005  <0.0005I-04  <0.0015  <0.1 <0.002

Recovery Wells

Aug 08 2018  <0.0005  <0.0005 0.0011R-01  <0.0015  <0.1 <0.002

Aug 08 2018  <0.0005  <0.0005  <0.0005R-02  <0.0015 0.17 <0.002

Aug 08 2018  <0.0005  <0.0005  <0.0005R-03  <0.0015  <0.1 <0.002

Aug 08 2018  <0.0005  <0.0005 0.0009R-04  <0.0015  <0.1 <0.002

Aug 08 2018  <0.0005  <0.0005  <0.0005R-05  <0.0015  <0.1 <0.002

Jul 16 2018  <0.0005  <0.0005  <0.0005R-06  <0.0015  <0.1 <0.002

Jul 16 2018  <0.0005  <0.0005  <0.0005R-06 (Dup)  <0.0015  <0.1 <0.002

Aug 08 2018  <0.0005  <0.0005  <0.0005R-07  <0.0015  <0.1 <0.002

Aug 08 2018  <0.0005  <0.0005  <0.0005R-08  <0.0015  <0.1 <0.002

Apr 23 2018  <0.0005  <0.0005  <0.0005R-09  <0.0015  <0.1 <0.002

Observation Wells

Jun 28 2018  <0.0005  <0.0005 0.0021O-01  <0.0015  <0.1 <0.002

Jun 28 2018  <0.0005  <0.0005  <0.0005O-02  <0.0015  <0.1 <0.002

Jun 28 2018  <0.0005  <0.0005  <0.0005O-03  <0.0015  <0.1 <0.002

Jun 28 2018  <0.0005  <0.0005  <0.0005O-04  <0.0015  <0.1 <0.002

Jun 28 2018  <0.0005  <0.0005  <0.0005O-05  <0.0015  <0.1 <0.002

Jul 05 2018  <0.0005  <0.0005  <0.0005O-06  <0.0015  <0.1 <0.002

Jul 05 2018  <0.0005  <0.0005  <0.0005O-07  <0.0015  <0.1 <0.002

Jul 05 2018  <0.0005  <0.0005  <0.0005O-07 (Dup)  <0.0015  <0.1 <0.002

Westbay

Apr 11 2018  <0.0005  <0.0005  <0.0005WB-01  <0.0015  <0.1 <0.002

Apr 18 2018  <0.0005  <0.0005 0.0011WB-02  <0.0015  <0.1 <0.002

Mar 30 2018  <0.0005  <0.0005  <0.0005WB-03  <0.0015  <0.1 <0.002

Apr 05 2018  <0.0005  <0.0005 0.001WB-04  <0.0015  <0.1 <0.002

Shaft

Jun 05 2018  <0.0005  <0.0005  <0.0005Shaft  <0.0015 0.3 <0.002

All results are in milligrams per liter (mg/L)

< = less than detection limit

AWQS = Arizona Aquifer Water Quality Standard

AWQS 0.005 0.7 1 10

Maximum  <0.0015

-

 <0.0005  <0.0005 0.0021

-

 <0.002 0.3
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Table 6. Summary of Trace Metal Analytical Results,PTF Wells

Antimony Arsenic Barium Beryllium Cadmium Lead MercuryManganese Nickel Selenium Thallium ZincWell ID Sample Date Aluminium IronChromium Cobalt Copper

Injection/Pumping Wells

Apr 11 2018  <0.0005 0.0017 0.097  <0.0003  <0.0003  <0.0005  <0.0010.0055 0.0071 0.0034  <0.0005  <0.04I-01  <0.30.01 0.0003 0.0079 <0.04

Jul 18 2018  <0.0005 0.0012 0.087  <0.0003  <0.0003  <0.0005  <0.0010.0052 0.0051 0.0031  <0.0005 0.043I-02  <0.30.0011 0.0003 0.055 <0.04

May 02 2018  <0.0005 0.0018 0.091  <0.0003  <0.0003  <0.0005  <0.0010.027 0.0045 0.0027  <0.0005  <0.04I-03  <0.30.0036 0.0005 0.016 <0.04

Apr 19 2018  <0.0005 0.0014 0.061  <0.0003  <0.0003  <0.0005  <0.0010.0098  <0.0005  <0.0025  <0.0005  <0.04I-04  <0.30.0062 0.0003 0.0072 <0.04

Recovery Wells

Aug 08 2018  <0.0005 0.0011 0.054  <0.0003  <0.0003  <0.0005  <0.0010.0012 0.0059 0.0027  <0.0005  <0.04R-01  <0.30.0014 0.0003  <0.02 <0.04

Aug 08 2018  <0.0005 0.0019 0.09  <0.0003 0.0004  <0.0005  <0.0010.037 0.0052 0.0025  <0.0005  <0.04R-02  <0.30.0024 0.0004  <0.02 <0.04

Aug 08 2018  <0.0005 0.0014 0.083  <0.0003  <0.0003  <0.0005  <0.0010.015 0.0039 0.0026  <0.0005  <0.04R-03  <0.30.0016 0.0003  <0.02 <0.04

Aug 08 2018  <0.0005 0.0015 0.074  <0.0005  <0.0003  <0.0005  <0.0010.0079 0.0045 0.0028  <0.0005  <0.04R-04  <0.30.0018 0.0003  <0.02 <0.08

Aug 08 2018  <0.0005 0.0018 0.087  <0.0005  <0.0003  <0.0005  <0.0010.0048 0.0053 0.0029  <0.0005  <0.04R-05  <0.30.0017 0.0003  <0.02 <0.08

Jul 16 2018  <0.0005 0.0029 0.047  <0.0003 0.0014  <0.0005  <0.0010.11 0.0093 0.0039  <0.0005 0.16R-06  <0.30.0025 0.0081 1.9 <0.04

Jul 16 2018  <0.0005 0.0027 0.045  <0.0003 0.0013  <0.0005  <0.0010.11 0.009 0.0038  <0.0005 0.16R-06 (Dup)  <0.30.0023 0.0078 1.9 <0.04

Aug 08 2018  <0.0005 0.0018 0.068  <0.0005  <0.0003  <0.0005  <0.0010.0014 0.0033 0.0026  <0.0005  <0.04R-07  <0.30.0036  <0.0005  <0.02 <0.08

Aug 08 2018  <0.0005 0.0013 0.087  <0.0005  <0.0003  <0.0005  <0.0010.014 0.0045 0.0029  <0.0005  <0.04R-08  <0.30.0027  <0.0005  <0.02 <0.08

Apr 23 2018  <0.0005 0.0016 0.071  <0.0005  <0.0003  <0.0005  <0.0010.002 0.0033  <0.0025  <0.0005  <0.04R-09  <0.30.0051  <0.0003 0.011 <0.08

Observation Wells

Jun 28 2018  <0.0005 0.0011 0.036  <0.0003  <0.0003  <0.0005  <0.0010.0021 0.0017 0.0035  <0.0005  <0.04O-01  <0.30.0025  <0.0003 0.0012 <0.04

Jun 28 2018  <0.0005 0.0025 0.062  <0.0003  <0.0003  <0.0005  <0.0010.12 0.0015 0.0032  <0.0005  <0.04O-02  <0.30.0007 0.0003 0.0052 <0.04

Jun 28 2018  <0.0005 0.0014 0.031  <0.0003 0.0006  <0.0005  <0.0010.0011 0.0018 0.0031  <0.0005  <0.04O-03  <0.30.0022  <0.0003 0.0071 <0.04

Jun 28 2018  <0.0005 0.0017 0.11  <0.0003  <0.0003  <0.0005  <0.0010.022 0.0059  <0.0025  <0.0005  <0.04O-04  <0.30.0006 0.0003 0.0057 <0.04

Jun 28 2018  <0.0005 0.0015 0.036  <0.0003  <0.0003  <0.0005  <0.0010.0003 0.0023  <0.0025  <0.0005  <0.04O-05  <0.30.0021  <0.0003 0.0021 <0.04

Jul 05 2018  <0.0005 0.0023 0.099  <0.0003  <0.0003  <0.0005  <0.0010.039 0.0012  <0.0025  <0.0005  <0.04O-06  <0.30.0018  <0.0003 0.00610.0427

Jul 05 2018  <0.0005 0.0013 0.052  <0.0003  <0.0003  <0.0005  <0.0010.0003 0.0021  <0.0025  <0.0005  <0.04O-07  <0.30.0028  <0.0003 0.012 <0.04

Jul 05 2018  <0.0005 0.0013 0.05  <0.0003  <0.0003  <0.0005  <0.0010.0003 0.0021  <0.0025  <0.0005  <0.04O-07 (Dup)  <0.30.0026  <0.0003 0.012 <0.04

Westbay

Apr 11 2018  <0.0005 0.0019 0.1  <0.0003  <0.0003  <0.0005  <0.0010.0046 0.0077 0.0035  <0.0005 0.65WB-01  <0.30.0051 0.0003 0.0063 <0.04

Apr 18 2018  <0.0005 0.0014 0.083  <0.0003  <0.0003  <0.0005  <0.0010.03  <0.0005  <0.0025  <0.0005 1.4WB-02  <0.30.003 0.0006 0.046 <0.04

Mar 30 2018  <0.0005 0.0018 0.092  <0.0003  <0.0003  <0.001  <0.0010.056 0.0045 0.0031  <0.001 1.9WB-03  <0.30.0029 0.0005 0.011 <0.04

Apr 05 2018  <0.0005 0.0016 0.072  <0.0003  <0.0003  <0.0005  <0.0010.026 0.0043 0.0032  <0.0005 0.85WB-04  <0.30.0037 0.0004 0.016 <0.04

Shaft

Jun 05 2018  <0.0005  <0.0005 0.047  <0.0003  <0.0003  <0.0005  <0.0011.1 0.0061  <0.0025  <0.0005  <0.04Shaft 9.60.003 0.0033 0.0021 <0.04

All results in milligrams per liter (mg/L)

< = less than detection limit

Maximum  <0.0005 0.0029 0.11  <0.0003 0.0014 0.01  <0.0005  <0.001 0.0093 0.0039  <0.0005

Arizona Aquifer Water Quality Standard 0.006 0.05 2 0.004 0.005 0.1 0.05 0.002 0.1 0.05 0.002- - - - - -

0.0427 0.0081 1.9 9.6 1.1 1.9
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Application for Class III Underground Injection Control Permit  
Florence Copper Project 
 
Attachment C:  Well Construction/Conversion Information 
 
 
Part I. Well Schematic Diagram (40 CFR § 146.34) 
 
 
C.1 INTRODUCTION 
 
This Attachment describes proposed well design attributes and well construction procedures. 
 
This Attachment has been prepared in support of an application (Application) by Florence Copper, Inc. 
(Florence Copper) to the United States Environmental Protection Agency (USEPA) for an Underground 
Injection Control (UIC) Class III (Area) Permit for the planned In-Situ Copper Recovery (ISCR) facility at 
the Florence Copper Project (FCP) in Pinal County, Arizona.  With this Application, Florence Copper seeks 
authorization to construct and operate a commercial-scale ISCR facility at the FCP site.  Florence Copper 
proposes to incorporate the pilot-scale Production Test Facility (PTF), which is currently operating under 
UIC Permit R9UIC-AZ3-FY11-1, into the planned commercial-scale ISCR facility at the FCP site.   
 
C.2 WELL DESIGN 
 
Injection, recovery, observation, and perimeter wells will be of a single design, with minor variations in 
the screen configuration to accommodate formation characteristics.  Injection and recovery wells may 
have continuous well screen or segmented well screen through the injection zone.  Perimeter wells and 
observation wells constructed outside of the ISCR area but within the area of review (AOR) will have a 
single well screen segment that spans the entire interval.  Selected injection and recovery wells 
constructed in the ISCR area, but outside of the active ISCR operations, will be used as observation and 
perimeter wells.  As the well field expands, these wells will be converted for use as injection and 
recovery wells.  Similarly, injection and recovery wells constructed within the ISCR area will alternate 
roles between injection and recovery during the course of operations. 
 
Well design details are shown on Figures C-1 through C-4.  Figure C-1 shows details of a typical 
injection/recovery well.  Figure C-2 shows construction details of a typical injection/recovery well head.  
Figure C-3 shows construction details of a typical observation/perimeter well.  Figure C-4 shows 
construction details for the annular conductivity device (ACD) that will be installed on all injection, 
recovery, observation, and perimeter wells.  These wells will be constructed with fiberglass reinforced 
plastic (FRP), polyvinyl chloride (PVC), or other corrosion resistant well casing.   
 
C.2.1 Well Casing 
 
The surface casing will be low carbon steel manufactured in accordance with ASTM International (ASTM) 
Specification 153-89A (1989) Grade A (or better) steel.  This casing will be of a diameter sufficient to 
allow a minimum 2½-inch annular space between the casing wall and borehole wall to ensure that an 
adequate seal can be installed.   
 



Application for Class III UIC Permit Attachment C:  Well Construction/Conversion Information 
Florence Copper Project 
 
 

C-2 

The surface casing diameter will vary based on the diameter of the planned well casing to be installed.  
Because of the chemical environment in which the casing will be installed, FRP, PVC, or other 
corrosion-resistant threaded casing will be used to complete the injection, recovery, observation, and 
perimeter wells.  These casing materials will be of sufficient grade so that they will not fail in tension and 
will not collapse or burst, and will be chemically resistant to the process solutions.   
 
Well screen made of PVC or other suitable material may be used in the lower portion of each injection, 
recovery, observation, and perimeter well as necessary to keep the hole open and to provide the 
operational flexibility to isolate segments of the full length of the injection and recovery zone. 
 
C.2.2 Casing Centralizers 
 
Casing centralizers will be installed on the well casing every 40 feet along the entire well casing, 
including screens where applicable.  The centralizers will be made of stainless steel or PVC and will be 
suitable for contact with process solutions. 
 
C.2.3 Screened Interval 
 
The screened interval will vary in length at each well and may include one or more screened segments 
within the full length of the injection zone.  Florence Copper maintains the option to complete injection, 
recovery, observation, and perimeter wells without well screen and filter pack (open hole) where 
feasible.  If open hole completions are selected in the injection zone, all other aspects of the proposed 
design will remain in effect.  No screened interval will be installed higher than 40 feet below the Lower 
Basin Fill Unit (LBFU)/oxide bedrock contact.   
 
C.2.4 Annular Seal 
 
The annular seal will be installed from 40 feet below the LBFU/oxide bedrock contact to the surface.  
The annular seal material will be Type V cement and will be installed by the tremie method as described 
below in Section C.3.6. 
 
C.2.5 Annular Conductivity Device 
 
An ACD will be installed on FRP or PVC well casing of all injection, recovery, observation, and perimeter 
wells in a location that is no higher than 10 feet below the MFGU or no more than 190 feet above the 
top of bedrock where bedrock is separated from the MFGU by more than 200 feet.  The ACD will consist 
of a pair of metal casing centralizers spaced 3 feet apart and connected to electrical wires which extend 
to the surface.  The ACD will be constructed of materials suitable for contact with the annular seal 
materials and process solutions.  The ACD will be constructed to detect fluid movement through any 
micro-annulus that might form between the well casing and the cement seal, and will also be in contact 
with the formation to detect migration of injected solution through formation, outside of the cement 
seal, should any occur.  Details of the ACD are presented on Figure C-4. 
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Six early warning ACDs will be installed within each 500 by 500 foot resource block at a depth of 20 feet 
above the bedrock-LBFU contact to serve as an early warning of vertical migration of injected fluid.  This 
number of ACDs represents 10 percent of the wells to be installed within each resource block.  Partial 
resource blocks located at the edge of the ISCR wellfield contain fewer wells than the full resource 
blocks and will have early warning ACDs installed on 10 percent of the ISCR wells.   

The early warning ACD installation will be prioritized in each resource block as follows: 

1. Where mapped faults transect a resource block, two ACDs will be installed on wells that are 
projected to penetrate the fault plane.  The additional four ACDs will be installed at locations 
distributed across the resource at approximate even spacing. 

2. Where mapped faults transect a corner or small portion of a resource block, a minimum of 
one ACD will be installed on a well that is projected to penetrate the fault plane.  The remaining 
ACDs will be installed at locations distributed across the resource at approximate even spacing. 

3. In partial resource blocks located at the edge of the PTF wellfield, an early warning ACD will be 
installed on at least one well if fewer than 10 wells are planned for the resource block, or will be 
installed on 10 percent of the wells in the block if more than 10 wells are planned for the 
resource block.  ACDs installed in partial resource blocks at the edge of the wellfield will be 
installed in areas where mapped faults are projected or will be approximately evenly distributed 
across the resource block if no mapped faults transect the resource block. 

 
Installation of early warning ACDs on 10 percent of the ISCR wells will provide a dataset that will support 
statistical analysis of monitoring results to demonstrate baseline conditions and assess changes in 
baseline conditions.  Prioritizing installation of the ACDs at mapped faults will provide early warning of 
potential vertical migration of injected fluid along those faults. 
 
Florence Copper reports the annular conductivity data for the PTF wells to ADEQ and USEPA quarterly.  
The most recent quarterly report (2019 Q4) was transmitted to the USEPA in January 2020.  The 
2019 Q4 quarterly report states that annular electrical conductivity readings have remained 
approximately constant or increased slightly in 8 of the 11 monitored wells since monitoring began in 
Q3 2018.  Annual electrical conductivity has decreased in wells O-04, O-06, and WB-01 during that same 
time.  The results of the monitoring indicate the absence of injected fluid at annular conductivity device 
locations.  These monitoring results indicate that no migration of injected fluid has occurred at the well 
casing/cement seal interface.  The PTF ACD data are provided in Exhibit C-1. 
 
C.2.6 Pressure Transducers 
 
Each of the injection, recovery, observation, and perimeter wells will be fitted with transducers for fluid 
level measurement.  Injection and recovery wells will include one transducer installed within the well 
casing above the packer.  Observation and perimeter wells will include a single transducer installed 
within the well casing to measure fluid levels at the edge of the ISCR well field.  Transducer installation 
locations and cable configuration are shown on Figure C-5. 
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C.2.7 Tubing and Packer Configuration 
 
Injection, recovery, observation, and perimeter wells will be of a single design, with minor variations in 
the screen configuration to accommodate formation characteristics.  Injection and recovery wells may 
have continuous well screen or segmented well screen through the injection zone.  Injection tubing will 
be used in all injection wells to covey injected fluid to a point below the fluid level in each injection well.  
Packers may be used in the injection wells, or the injection wells may be operated without packers.  
Recovery wells will use tubing to convey recovered fluid from the pump to piping at ground surface.  
Recovery wells may be operated with or without packers depending on operational considerations.  
Typical tubing and packer (when used) configurations are shown on Figure C-5. 
 
 
Part II. Well Construction or Conversion Procedures (40 CFR §§ 144.52, 146.32 

& 146.34) 
 
 
C.3 WELL CONSTRUCTION 
 
The well construction description provided below includes details for drilling, open-hole geophysics, 
installation of casing and ACDs, screen and filter pack installation, cementing, and cased-hole 
geophysics.   
 
C.3.1 Injection Interval 
 
Fluids will only be injected at depths greater than 40 feet below the top of the oxide zone.  To ensure 
that the injection interval is at least 40 feet below the top of the oxide zone, Florence Copper will case 
and cement all injection wells from ground surface to at least 40 feet below the top of the oxide zone.  
Florence Copper may develop the injection interval for each well by installing well screen and short 
blank casing sections through the oxide interval below the bedrock exclusion zone or may inject into the 
open borehole below the bedrock exclusion zone. 
 
C.3.2 Borehole Drilling 
 
Borehole drilling consists of drilling a large diameter borehole to accommodate installation of surface 
casing to a depth of 20 feet, then drilling a narrower borehole from the bottom of the surface casing to 
the planned total depth of the well.  The surface casing boring will be drilled by the auger or rotary 
method and its diameter will be of sufficient size to allow installation of the surface casing and an 
annular seal between the surface casing and the formation.  The surface casing will be installed at or 
above ground surface to accommodate mud-rotary drilling equipment.  The annular seal will consist of 
cement grout installed in the annulus between the surface casing and the borehole, using the tremie 
method.  The surface annular seal will extend from the land surface to the total depth of the surface 
casing, a depth of 20 feet.  The purpose of the surface casing is to provide ground support during the 
subsequent stages of drilling, and to prevent the migration of surface water into the boring and well 
annulus. 
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The borehole in which the well will be constructed will be drilled from the bottom of the surface casing 
borehole to approximately 20 feet below the bottom of the oxide zone using the direct mud rotary, 
reverse circulation mud rotary, or a casing advance drilling method as conditions require.  The well 
boring’s diameter will be of sufficient size to allow installation of the well casing and annular materials 
described above in Section C.2, Well Design.   
 
C.3.3 Open Hole Geophysics 
 
Open-hole geophysical logs will be run in each well boring for the purpose of formation evaluation, 
depth control, and detection of borehole anomalies. 
 
Geophysical tools will include caliper, gamma-ray, temperature, directional survey, and electrical logs.  
In addition, compensated neutron-density logs will be run in selected borings within the ISCR well field 
at a rate of one per resource block.  Porosity values determined from the neutron-density logs will be 
compared to porosities applied to the groundwater flow model in the ISCR well field area.  If significant 
differences are found in the comparison of model porosities and log porosities, porosity values in the 
model will be revised accordingly. 
 
C.3.4 Well Casing and Installation 
 
Each well will be constructed of blank casing material in the upper part of the well from land surface to a 
depth of 40 feet below the top of bedrock (which corresponds to a depth of 40 feet below the top of the 
oxide zone).  Well casing installed in the injection zone starting 40 feet below the top of bedrock will 
consist of one or more screened intervals separated by blank casing segments, to the bottom of the 
well.  Casing materials for injection and recovery wells will be designed to resist corrosion, not fail in 
tension, and not collapse or burst.  Proposed casing materials are described above in Section C.2, Well 
Design.  
 
During installation of the well casing and screen, the borehole will be kept full of drilling fluid and free of 
any obstructions detrimental to completing casing installation.  The well casing and screen will be 
centered in the hole so as not to interfere in any way with the complete well installation.  Casing 
centralizers will be secured to the well casing and screened at 40-foot intervals.  The casing and screen 
will be hung in tension and centered in the borehole until the filter pack and cement grout seal have 
been installed.  Casing installation will continue on a 24-hour per day, 7-day per week basis until 
completed. 
 
Each of the injection, recovery, observation, and perimeter wells constructed with PVC or FRP well 
casings will have ACD devices installed.  One ACD will be attached to the exterior of the well casing at a 
point as close as possible to the top of the MFGU, and no more than 10 feet above the MFGU where the 
aquifer exemption extends to the MFGU.  On the western side of the ISCR area, and at localized areas 
within the ISCR area, the aquifer exemption extends 200 feet above the bedrock contact; in these areas, 
the ACD will be installed at a point 200 feet above bedrock.  The ACD will consist of a pair of metal bands 
spaced one meter apart and connected to electrical wires which extend to the surface.  A schematic 
diagram of the ACD is included in Figure C-4. 
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During casing installation, a 2-inch diameter metal tremie pipe will be installed into the annular space 
between the well casing and the borehole wall.  The tremie pipe will be used to place formation 
stabilizer materials (filter pack), such as silica sand, adjacent to screened casing intervals and to install 
sand and cement adjacent to blank casing intervals to form the filter pack and hydraulic seals within the 
annular space between the blank casing intervals and the borehole wall.  The tremie pipe will be 
removed from the well as construction and sealing operations are completed.   
 
C.3.5 Filter Pack and Intermediate Seal Installation 
 
Drilling fluid will be maintained throughout the full depth of the well to land surface, and the well casing 
and screen will be hung in tension until the filter material placement has been completed to the 
specified level, while the filter pack and intermediate seal materials are installed.  During placement, a 
swab block will be located inside the well screen below the fill depth of the annular material.  The swab 
block will be reciprocated to remove fine-grained material, prevent bridging, and aid in settling the filter 
pack in the borehole after filter pack has been installed above the top of the screened interval. 
 
Filter pack (i.e., silica sand) will be placed to continuously fill the annulus to the specified level.  Filter 
pack will be installed by use of the tremie pipe.  The tremie pipe will be located at a distance of 
approximately 40 feet above the interval being filled during placement.  As required by formation 
conditions, intermediate seals may be installed at selected intervals within the injection zone as shown 
on Figure C-1.  Seal material will be installed using the same tremie pipe used for installing the filter pack 
material. 
 
The tremie pipe will be moved upward during installation of the sand and seal intervals, until the filter 
pack is installed above the uppermost well screen interval.  The level of the filter pack will be measured 
periodically during placement with a wireline sounder.  Placement of the materials will be continuous, 
except when additional precautions are necessary to prevent bridging or when measurements of the 
level are being conducted.  The quantity of materials placed in the annulus will not be less than that of 
the computed volume. 
 
The same tremie pipe will then be utilized for cementing the upper portion of the well casing as 
described below. 
 
C.3.6 Cementing Characteristics for All Class III Wells  
 
Injection, recovery, observation, and perimeter wells will be of a single design and will each use the 
same cementing procedure.  The well borings will be of a constant diameter, drilled in a single stage.  
Once the well casing, screen, and filter pack have been installed in the boring, cementing of the upper 
portion of the well casing, from the bottom of the bedrock exclusion zone to ground surface, will be 
accomplished by pumping a cement slurry down a tremie pipe positioned with the lower end near the 
bottom of the exclusion zone, forcing the cement to fill the annular space between the borehole and 
casing from the bottom up to the surface.  Cement grout will be placed to completely fill the well 
annulus within the specified interval.  Prior to pumping, the cement grout will be passed through a 
½-inch slotted bar strainer in order to remove any unmixed lumps.   
 



Application for Class III UIC Permit Attachment C:  Well Construction/Conversion Information 
Florence Copper Project 
 
 

C-7 

Florence Copper does not plan to use a grouting shoe at the bottom of the casing to circulate cement in 
the annulus behind the casing because the planned ISCR well will be drilled and constructed in a single 
pass and will use a conventional well screen to achieve maximum open area to optimize flow into the 
well.   
 
Use of a grouting shoe is not conducive to the use of conventional well screen and single pass well 
construction.  Use of a grouting shoe requires that a solid well casing be emplaced to the full depth of 
the borehole if the well is to be constructed in a single pass.  The grouting shoe would then be used to 
circulate cement in the annulus behind the well casing.  After the cement has cured, the casing is then 
perforated using a perforating tool.  Use of the grouting shoe and perforating method in a single-pass 
construction well results in the following adverse conditions in the perforated area: 

1. The perforations constitute less open area than the conventional well screen and filter pack 
system, limiting exposure to the targeted injection zone. 

2. Cement is circulated through the target injection zone, sealing fractures that are necessary to 
allow solution access to the copper-bearing mineralization.  The minerals targeted for ISCR 
production are fracture lining copper-oxide minerals.  If the fractures receive circulated cement, 
they will not receive ISCR solution, and no well stimulation is permitted to reopen sealed 
fractures. 

3. The cement circulated through the injection zone is an acid consuming material.  Cement in the 
injection zone will adversely impact the planned ISCR operations by consuming the acid 
intended to dissolve the targeted copper mineralization. 

 
Use of a grouting shoe at the Florence Copper site would require wells to be drilled and constructed 
using a two-pass drilling system.  The two-pass system would require that a large 20-inch diameter 
borehole be drilled from ground surface to a point 50-feet below the top of bedrock.  The grouting shoe 
would then be used to circulate cement in the annulus behind the well casing.  After the cement has 
cured, a smaller 12-inch borehole would be drilled through the cement plug at the bottom of the casing 
to the full depth of the well.  Conventional well casing, well screen, and filter pack would then be 
emplaced.  Use of the grouting shoe and perforating method in a two-pass construction well results in 
the following adverse impacts: 

1. This construction method prevents the use of ACDs to detect migration of injected fluid at the 
well casing/cement interface.  

2. The cost, complexity, and time required to complete each well is nearly doubled compared to 
the single-pass well construction. 

3. Borehole diameter is increased to the point that the utility of certain conventional logging tools 
such as neutron, neutron-density, nuclear magnetic resonance, and cement bond are 
diminished. 

 
At the PTF, Florence Copper constructed wells that met UIC Class III requirements using three different 
well construction methods and materials combinations.  The injection and recovery wells were 
constructed using a two-pass construction method, with a large diameter steel outer casing with welded 
joints and fiberglass inner casing with threaded joints.  The PTF observation wells were constructed 
using a single-pass drilling and construction method with threaded fiberglass well casing.  The 
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supplemental monitoring wells constructed within the AOR were drilled and constructed using the 
single-pass method with threaded steel well casing.  Both the injection/recovery wells and the 
observation wells passed mechanical integrity testing using the standard annular pressure test (SAPT), 
demonstrating that both the two-pass and single-pass drilling construction methods can be used to 
meet UIC Class III well performance criteria.  Each of the single-pass PTF observation wells was grouted 
using the tremie pipe method. 
 
By contrast, the threaded steel well casing used at the supplemental monitoring wells relied on O-rings 
at the joints to maintain pressure during the SAPT.  Consequently, additional measures were required to 
demonstrate mechanical integrity at several of the supplemental monitoring wells.  Florence Copper 
does not plan to use threaded steel casing for any of the Class III wells proposed for the commercial ISCR 
facility. 
 
The discharge end of the tremie pipe will be continuously submerged in the cement until the zone to be 
filled is completely filled.  An acid-resistant, sulfate-resistant, Portland Type V cement or 
USEPA-approved substitute will be placed in the well annuli of all wells from the bottom of the casing to 
land surface.  The well casing will be hung in tension until the cement has cured.  The well casing will be 
filled with a fluid of sufficient density to maintain pressure equalization with the cement slurry in the 
annulus to prevent collapse of the well casing during the cementing operation. 
 
Water and/or appropriate mud-breaker chemicals will be circulated through the casing or tremie pipe 
prior to cement placement to reduce mud viscosity and assist in removal of mud from the 
borehole/casing annulus.  An excess quantity of cement will be pumped into the annular space in order 
to verify “clean” slurry returns from the well prior to terminating the cementing operation.  Following 
placement of the cement slurry, the cement will be allowed to cure for a minimum of 24 hours before 
performing additional operations on the well. 
 
The cement will be Type V unless the Permittee submits the following information to the Director 
regarding a Type V substitute: 

i. The results of an immersion test for resistance to pregnant leach solution of equivalent 
mass samples of Type V cement and any proposed substitute cement; 

ii. A comparison of the percentage weight change between samples; and 

iii. A demonstration that the substitute experiences little visual change, a weight increase 
or decrease within 5 to 8 percent, and no significant change in compressive strength. 

 
Upon completion of this demonstration, and subject to USEPA approval, a substitute cement that meets 
these criteria may be substituted for Type V cement for well construction. 
 
C.3.7 Cased Hole Geophysics 
 
Cased-hole geophysical logs, including gamma ray, temperature, and cement bond logs, shall be run in 
all injection, recovery, observation, and perimeter wells after casing has been installed and cemented to 
the surface.  Additional geophysical surveys will be conducted as required by USEPA.  
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C.3.8 Formation Stimulation Plan 
 
Florence Copper does not propose to use any formation stimulation during the development of the FCP 
ISCR well field. 
 
C.3.9 Alarms and Shutdown Systems 
 
The planned alarm and shutdown systems that will be implemented at the ISCR well field are described 
in the Operations Plan included in Attachment D of this Application.  
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EXHIBIT C-1 
 

PTF Annular Conductivity Data 



EXHIBIT C‐1
PTF ANNULAR CONDUCTIVITY DATA

Page 1 of 2

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐WB‐04 WB‐04 1725 61.57 61.61 61.35 PASS 61.50
12/20/2018 JB‐WB‐04 WB‐04 1355 61.8 61.8 61.54 PASS 61.70
4/4/2019 JB‐WB‐04 WB‐04 1238 61.71 61.74 61.57 PASS 61.7
5/2/2019 JB‐WB‐04 WB‐04 1456 62.25 62.3 62.15 PASS 62.2
7/10/2019 JB‐WB‐04 WB‐04 1237 62.12 62.21 62.13 PASS 62.2
10/3/2019 JB‐WB‐04 WB‐04 1221 62.17 62.342 62.314 PASS 62.3

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐WB‐03 WB‐03 1731 76.04 76.57 76.54 PASS 76.40
12/20/2018 JB‐WB‐03 WB‐03 1353 76.13 76.51 76.41 PASS 76.40
4/4/2019 JB‐WB‐03 WB‐03 1248 76.2 76.61 76.59 PASS 76.5
5/2/2019 JB‐WB‐03 WB‐03 1450 76.58 76.85 76.82 PASS 76.8
7/10/2019 JB‐WB‐03 WB‐03 1241 76.45 76.61 76.6 PASS 76.6
10/3/2019 JB‐WB‐03 WB‐03 1226 76.168 76.333 76.403 PASS 76.3

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐WB‐02 WB‐02 65.54 66.61 66.99 PASS 66.40
12/20/2018 JB‐WB‐02 WB‐02 70.25 71.34 71.57 PASS 71.10
4/4/2019 JB‐WB‐02 WB‐02 73.71 74.93 74.92 PASS 74.5
5/2/2019 JB‐WB‐02 WB‐02 75.31 76.14 75.97 PASS 75.8
7/10/2019 JB‐WB‐02 WB‐02 76.77 77.66 77.3 PASS 77.2
10/3/2019 JB‐WB‐02 WB‐02 77.909 78.754 78.404 PASS 78.4

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐WB‐01 WB‐01 51.94 51.07 50.88 PASS 51.30
12/20/2018 JB‐WB‐01 WB‐01 52.22 51.61 51.25 PASS 51.70
4/4/2019 JB‐WB‐01 WB‐01 52.42 51.76 51.44 PASS 51.9
5/2/2019 JB‐WB‐01 WB‐01 51.92 51.26 50.95 PASS 51.4
7/10/2019 JB‐WB‐01 WB‐01 52.21 51.37 51.04 PASS 51.5
10/3/2019 JB‐WB‐01 WB‐01 47.764 47.531 47.432 PASS 47.6

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐01 O‐01 56.25 55.14 54.78 PASS 55.40
12/20/2018 JB‐B‐01 O‐01 57.7 57.11 56.7 PASS 57.20
4/4/2019 JB‐B‐01 O‐01 57.33 57.59 57.59 PASS 57.5
5/2/2019 JB‐B‐01 O‐01 60.3 59.69 59.46 PASS 59.8
7/10/2019 JB‐B‐01 O‐01 61.63 61.05 60.87 PASS 61.2
10/3/2019 JB‐B‐01 O‐01 63.112 62.552 62.389 PASS 62.7

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐07 O‐07 52.49 51.65 51.29 PASS 51.80
12/20/2018 JB‐B‐07 O‐07 53.23 52.49 52.2 PASS 52.60
4/4/2019 JB‐B‐07 O‐07 53.9 53.09 52.83 PASS 53.3
5/2/2019 JB‐B‐07 O‐07 54.12 53.42 53.11 PASS 53.6
7/10/2019 JB‐B‐07 O‐07 55.29 54.44 54.15 PASS 54.6
10/3/2019 JB‐B‐07 O‐07 54.682 53.933 53.661 PASS 54.1

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐06 O‐06 59.94 59.36 59.16 PASS 59.50
12/20/2018 JB‐B‐06 O‐06 59.97 59.21 58.91 PASS 59.40
4/4/2019 JB‐B‐06 O‐06 59.52 58.52 58.15 PASS 58.7
5/2/2019 JB‐B‐06 O‐06 59.52 58.46 57.92 PASS 58.6
7/10/2019 JB‐B‐06 O‐06 59.48 58.16 57.58 PASS 58.4
10/3/2019 JB‐B‐06 O‐06 58.679 57.166 56.644 PASS 57.5

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐05 O‐05B 77.95 77.65 77.57 PASS 77.70
12/20/2018 JB‐B‐05 O‐05B 79.13 78.74 78.66 PASS 78.80
4/4/2019 JB‐B‐05 O‐05B 81.43 80.96 80.78 PASS 81.1
5/2/2019 JB‐B‐05 O‐05B 82.02 81.49 81.25 PASS 81.6
7/10/2019 JB‐B‐05 O‐05B 83.37 82.74 82.47 PASS 82.9
10/3/2019 JB‐B‐05 O‐05B 84.221 83.605 83.311 PASS 83.7

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Time Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Time
Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance
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1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐04 O‐04 59.92 59.84 59.85 PASS 59.90
12/20/2018 JB‐B‐04 O‐04 59.69 59.36 59.28 PASS 59.40
4/4/2019 JB‐B‐04 O‐04 59.46 58.92 58.78 PASS 59.1
5/2/2019 JB‐B‐04 O‐04 59.46 58.75 58.6 PASS 58.9
7/10/2019 JB‐B‐04 O‐04 58.66 57.65 57.37 PASS 57.9
10/3/2019 JB‐B‐04 O‐04 57.721 56.476 56.071 PASS 56.8

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐03 O‐03 46.88 46.22 45.97 PASS 46.40
12/20/2018 JB‐B‐03 O‐03 48.05 47.37 47.03 PASS 47.50
4/4/2019 JB‐B‐03 O‐03 48.81 47.98 47.55 PASS 48.1
5/2/2019 JB‐B‐03 O‐03 49.15 48.28 47.78 PASS 48.4
7/10/2019 JB‐B‐03 O‐03 49.66 48.65 48.11 PASS 48.8
10/3/2019 JB‐B‐03 O‐03 50.043 49.127 48.624 PASS 49.3

1 2 3 Resistance Stats
Resistance (Ω) Resistance (Ω) Resistance (Ω) Field Average

9/21/2018 JB‐B‐02 O‐02 57.37 57.26 57.1 PASS 57.20
12/20/2018 JB‐B‐02 O‐02 58.92 58.72 58.51 PASS 58.70
4/4/2019 JB‐B‐02 O‐02 60.7 60.6 60.34 PASS 60.5
5/2/2019 JB‐B‐02 O‐02 61.5 61.37 61.09 PASS 61.3
7/10/2019 JB‐B‐02 O‐02 62.15 62.14 61.86 PASS 62.1
10/3/2019 JB‐B‐02 O‐02 62.582 62.633 62.408 PASS 62.5

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance

Date
Well ID 
(HGI)

Well ID 
(Florence Copper)

Data Acceptance
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Application for Class III Underground Injection Control Permit  
Florence Copper Project 
 
Attachment D:  Injection Operation and Monitoring Program (40 CFR §§ 146.33 
& 146.34) 
 
 
D.1 INTRODUCTION 
 
This Attachment describes the proposed injection operation and monitoring program. 
 
This Attachment has been prepared in support of an application (Application) by Florence Copper, Inc. 
(Florence Copper) to the United States Environmental Protection Agency (USEPA) for an Underground 
Injection Control Class III (Area) Permit (UIC Permit) for the planned In-Situ Copper Recovery (ISCR) 
facility at the Florence Copper Project (FCP) in  Pinal County, Arizona.  With this Application, Florence 
Copper seeks authorization to construct and operate a commercial-scale ISCR facility at the FCP site.  
Florence Copper proposes to incorporate the pilot-scale Production Test Facility (PTF), which is currently 
operating under UIC Permit R9UIC-AZ3-FY11-1, into the planned commercial-scale ISCR facility at the 
FCP site.   
 
D.2 INJECTION OPERATIONS 
 
The FCP is a copper development project that will use the ISCR method to develop the Poston Butte 
copper deposit.  Florence Copper proposes to construct and operate the planned ISCR facility over a 
22-year period which includes on average 4 years of active leaching for each group of wells and a final 
rinsing phase of roughly 2 years.  The FCP will occupy an area of approximately 1,342 acres that consists 
of two contiguous parcels of land.  The land parcels consist of 1,182 acres held in fee simple ownership 
and 160 acres on Arizona State Trust Lands under Arizona State Mineral Lease 11-26500.      
 
The planned ISCR process involves injecting raffinate (approximately 99.5 percent water mixed with 
0.5 percent sulfuric acid) through injection wells into the oxide zone of the bedrock beneath the site for 
the purposes of dissolving copper minerals from the ore body.  The estimated injection zone is between 
approximately 500 feet below ground surface (bgs) to 1,185 feet bgs.  The resulting copper-bearing 
solution will be pumped by recovery wells to the surface where copper will be removed from the 
solution in a solvent extraction electro-winning (SX/EW) plant.  The barren solution from the SX/EW 
plant will be re-acidified and re-injected back into the oxide zone.   
 
Florence Copper has constructed and is currently operating a pilot-scale ISCR facility referred to as the 
PTF under the terms of UIC Permit R9UIC-AZ3-FY11-1 and Aquifer Protection Permit (APP) Permit No. 
P-106360.  Florence Copper has requested that the PTF discharging facilities, and associated monitoring 
requirements, be incorporated into the site-wide APP No. P-101704 to facilitate commercial-scale ISCR 
operations.  Florence Copper herein requests a UIC Permit to authorize ISCR operations at the planned 
commercial-scale ISCR wellfield. 
 
The anticipated timeframe required to recover the soluble copper from each resource area is on average 
4 years.  As currently authorized under APP No. P-106360 and UIC Permit R9UIC-AZ3-FY11-1, the PTF 
wellfield may be operated for 1 year, with an additional 1-year potential extension.  This schedule will 
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require that ISCR operations stop before the soluble copper is fully recovered from the PTF ISCR wells, 
and that formation rinsing and neutralization commence.  As full-scale ISCR operations progress at the 
FCP, if authorized by the amended APP No. P-101704 and new UIC Permit, Florence Copper would then 
need to re-initiate ISCR operations at the PTF wellfield by re-acidifying the formerly rinsed and 
neutralized PTF injection and recovery area.  This process would waste water, energy, reagents, and 
mineral resource.  Consequently, Florence Copper proposes to incorporate the PTF facilities into APP 
No. P-101704, and continue operating them, including the PTF wellfield, under terms of the amended 
APP No. P-101704 and new UIC Permit, to conserve water and other resources. 
 
The PTF facilities have been in operation since December 2018.  Approximately 138.5M gallons of leach 
solution has been injected with approximately 156M gallons of solution recovered, representing an 
over-pumping rate of approximately 113 percent.  Resulting copper production in the SX/EW pilot plant 
is approximately 220 tons of copper cathode through mid-February 2020.  The pilot wellfield and SX/EW 
plant as of March 2020 is operating at the projected production rate of approximately 1M pounds per 
year. 
 
Operation of the PTF has led to the development of refined pumping and injection strategies to 
accelerate the initial phases of solution contacting with the formation.  These strategies prevent 
formation of mineral precipitates, while accelerating development of mature leaching solutions.  The 
PTF pilot wellfield has produced a commercial grade PLS from the center recovery well for 
approximately 10 months. 
 
D.2.1 ISCR Area 
 
The ISCR area occupies approximately 212 acres on the western side of the FCP site, and includes the 
same area identified as the “mine zone” in the aquifer exemption that USEPA granted on May 1, 1997 in 
conjunction with issuing UIC Permit AZ39600001.  The ISCR area is the same area formerly authorized by 
UIC AZ39600001 for conducting ISCR operations to recover soluble copper.  The oxidized portion of the 
Poston Butte ore body is the upper portion of the bedrock beneath the site which contains soluble 
copper oxide minerals and is more than 350 feet bgs.  The location of the ISCR wellfield is shown on 
Figure D-1. 
 
The lateral boundary of the area for which the USEPA granted the aquifer exemption extends 500 feet 
beyond the ISCR area.  The aquifer exemption is described in Attachment H of this Application and is 
shown on Figure D-1.  The FCP site includes portions of Sections 26, 27, 28, 33, 34, and 35, Township 4 
South, Range 9 East, Gila and Salt River Base and Meridian.  A 160-acre portion of the site in Section 28 
is leased from the State of Arizona under Mineral Lease No. 11-26500. 
 
D.2.2 ISCR Wellfield 
 
The 212-acre ISCR area has been divided into operational units for planning purposes.  The size of the 
units vary to accommodate site features, resource cutoff boundaries, and administrative boundaries.  
The size and orientation of the operational units may be altered in the future as necessary to 
accommodate planning changes and operational conditions.  Each well installed in the ISCR area will be 
constructed according to a standard design so that it can serve multiple purposes during the life of the 
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facility.  ISCR wells will be used for injection, recovery, observation, or perimeter hydraulic control.  Well 
construction procedures and design details are described in Attachment C of this Application. 
 
The injection and recovery wells will be arranged in a five-spot pattern (operational unit) that effectively 
surrounds each injection well with four recovery wells.  The pattern will be repeated throughout the 
ISCR area.  Approximately 2,200 Class III injection and recovery wells and 300 perimeter and observation 
wells may be installed and closed at the FCP site over the course of the estimated 22-year project life.  
Operational units will be developed, operated, and closed as per the operating plan.  During operations, 
one group of operational units will be in operation while others are undergoing development or closure. 
 
Multiple operational units will be operated at one time to ensure fluid injection and recovery rates are 
at the nominal design capacity of the planned commercial-scale SX/EW plant (approximately 
11,000 gallons per minute [gpm]).  The number of wells operating at one time will depend on the flow 
characteristics and thickness of the oxide zone where ISCR operations are being conducted.   
 
The primary operational mechanism for preventing the migration of in-situ solutions (or “fluid” as 
defined at 40 Code of Federal Regulations [CFR] 146.3) to underground sources of drinking water 
(USDW) is hydraulic control.  ISCR operations will be conducted to ensure that hydraulic control is 
maintained at all times in all portions of the oxide zone undergoing injection and recovery.  Hydraulic 
control will be maintained from the time that injection commences until after all economically 
recoverable copper has been extracted and groundwater has been restored to a quality that meets 
criteria specified in the APP and the UIC Permit.  Hydraulic control is achieved when the amount of 
solution and groundwater pumped from the wellfield during each 24-hour period exceeds the amount 
of raffinate injected.  This will be accomplished by pumping the recovery wells at a rate that is at least 
106 percent of the rate of injection.  The methods and equipment used to monitor hydraulic control are 
described below in Section D.4. 
 
Florence Copper maintained hydraulic control throughout the period of time that the PTF has been in 
operation.  Successful hydraulic control is indicated by criteria established in UIC R9UIC-AZ3-FY11-1, 
Part E.  The criteria are listed in Part E.1.a-d.  The criteria are: 110 percent of the of the injected volume 
must be extracted from the injection and recovery zone, an inward gradient of at least 1-foot must be 
maintained between observation and recovery wells, bulk electrical conductivity measurements must be 
conducted, and actions must be taken to correct any loss of hydraulic control within 24 hours.  These 
criteria provide objective physical indicators that hydraulic control has been maintained. 
 
The purpose of the 110 percent criterion is to ensure that a cone of depression is formed at the PTF 
wellfield, inducing inward flow of groundwater from the surrounding formation.  This criterion is 
fundamental to the maintenance of hydraulic control during injection operations.  Section G.2.b of 
UIC R9UIC-AZ3-FY11-1 requires that Florence Copper report the daily injected and recovered volumes to 
the USEPA on a quarterly basis as a demonstration that hydraulic conductivity has been maintained 
daily.   
 
The purpose of 1-foot differential criterion is to demonstrate an inward flow of groundwater from the 
surrounding formation.  Section G.2.c of UIC R9UIC-AZ3-FY11-1 requires that Florence Copper report the 
daily average head measurements in the recovery and observation wells to the USEPA on a quarterly 
basis as an additional demonstration that hydraulic control has been maintained daily.   
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The purpose of the bulk conductivity monitoring is to demonstrate injected fluid has not migrated above 
the injection and recovery zone.  Section G.2.c of UIC R9UIC-AZ3-FY11-1 requires that Florence Copper 
report the bulk conductivity monitoring results on a quarterly basis as an additional demonstration that 
hydraulic control has been maintained daily. 
 
Florence Copper has submitted quarterly reports for Q4 2018, and Q1 through Q4 2019, which show 
that hydraulic control criteria described above have been met during PTF operations.   
 
The PTF was designed at the same scale as the planned commercial ISCR wellfield.  This design was 
selected to specifically test selected performance criteria that would be applied to the commercial scale 
wellfield.  The PTF wellfield includes wells installed at the same spacing, depth, screened interval, and 
pumping rates as the planned commercial wellfield.  Hydraulic control was one of the specific criteria 
tested at the PTF wellfield.  Because the PTF wellfield was designed at the same scale as the planned 
commercial wellfield, the successful demonstration of hydraulic control at the PTF wellfield indicates 
that hydraulic control can be maintained at the commercial wellfield using the same methodology 
applied at the PTF. 
 
D.2.3 Facility Fluid Flow Diagrams 
 
The planned permitted facilities include the ISCR injection and recovery wells, raffinate pond, pregnant 
leach solution (PLS) pond, run-off pond, and water impoundments.  Additional support facilities will be 
constructed including the SX/EW plant, pipelines, tank farm, and associated structures.  The ISCR 
wellfield will be developed in stages, with approximately 462 injection and recovery wells in operation 
or rinsing at one time.  All injection, recovery, and observation wells within the wellfield area will be 
constructed to UIC Class III injection well standards.   
 
Exhibit D-1 includes a technical memorandum describing fluid flow through the planned commercial-
scale ISCR facility and fluid flow diagrams depicting the site water balance during both operations and 
rinsing stages of the planned project life cycle.  The Process Flow Diagram (Exhibit D-1, Figure 6-1) shows 
the design components and associated flow streams for the operational phase of the planned ISCR 
process.  Flow components for the rinsing phase of the planned ISCR process are shown in Exhibit D-1, 
Figure 6-2.  The flow rates for each of the flow streams are summarized on the diagram and are 
discussed in further detail in the technical memorandum included in Exhibit D-1.  All flow rates shown 
on the Process Flow Diagram are considered “nominal” flow rates and reflect anticipated full-scale ISCR 
operations.   
 
D.2.4 Operations Plan 
 
Florence Copper has prepared and submitted a revised operations plan in conjunction with the 
requested amendment of APP No. P-101704.  The operations plan was originally developed in support of 
the 2014 UIC Permit application and was subsequently incorporated into Attachment E of UIC Permit 
R9UIC-AZ3-FY11-1.  The operations plan was revised to reflect anticipated changes between PTF 
operations and the planned commercial-scale ISCR facility.  The revised operations plan describes the 
use of the planned monitoring devices and prescribes actions to be taken in the event of a well failure to 
prevent the migration of contaminating fluids into a USDW.  The revised operations plan is included in 
Exhibit D-2 of this Application.  Figures C-5 and D-2 show the locations of wellfield monitoring devices 
referenced in the operations plan (Exhibit D-2). 
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D.3 OPERATING DATA 
 
D.3.1 Rate and Volume of Fluid to be Injected 
 
Florence Copper plans an average injection rate of approximately 0.15 gpm per foot (gpm/ft) of 
injection interval, and a maximum injection rate of approximately 0.20 gpm/ft of injection interval.  
Injection rates may be lower than the planned average based on the length of the final injection interval 
used and the location of packer placement.  Typical injection rates may be as low as 0.10 gpm/ft of 
injection interval depending on oxide zone characteristics and packer configuration in each well.  The 
aggregate injection and recovery rates at the ISCR wellfield will be carefully balanced to ensure that 
hydraulic control is maintained throughout the ISCR wellfield from the time that injection begins until 
the ISCR wellfield is closed in accordance with the requirements of the UIC Permit.   
 
Injection rates in all wells must be proportionate to the length of the injection interval; consequently, 
the rate and daily volume of fluids injected may vary from well to well based on the length of the 
injection interval and characteristics of the oxide zone at each well site.  Given the bedrock topography 
underlying and variable mineralization of the oxide zone beneath the planned 212-acre ISCR wellfield, it 
is anticipated that the thickness of the oxide zone and the resulting injection intervals will vary 
substantially from one end of the wellfield to the other.  The rate of fluid injection in wells with longer 
injection intervals will be greater than the rate in wells with shorter injection intervals to maintain a 
consistent rate of flow through the oxide zone and to achieve the desired solution contact time.  
Table D-1 shows the potential range of injection rates and daily fluid volumes based on the 
characteristics of the oxide zone. 
 
The planned nominal aggregate injection rate for the ISCR wellfield is 11,000 gpm.  The maximum 
aggregate injection rate proposed for full-scale ISCR operations is 12,650 gpm, and the maximum 
extraction rate is equal to the planned injection rate plus the additional 6-percent extraction required to 
maintain hydraulic control.  The maximum ISCR solution extraction rate is 12,650 gpm and the 
corresponding maximum hydraulic control extraction is 815 gpm, for a total withdrawal of 13,465 gpm.  
The minimum ratio between injection and recovery will be 106 percent.   
 
The ISCR wells will be constructed with multiple injection intervals separated by sections of blank well 
casing that will allow packer assemblies to be used to focus injection into targeted intervals of the 
injection zone.  Both injection and recovery wells may be operated without packers.  Typical flow rates 
into each injection well is anticipated to be approximately 60 gpm.  Variation in oxide zone 
characteristics may require some wells to be operated at rates lower or higher than 60 gpm.  In all cases, 
the aggregate injection rate will be balanced to ensure that no more than 12,650 gpm is injected.  The 
values presented in Table D-1 reflect potential injection rates for a variety of well configurations which 
may be applied to compensate for oxide zone characteristics.   
 
D.3.2 Average and Maximum Injection Pressure 
 
Each of the planned injection and recovery wells will be completed to Class III injection well standards 
and will be individually designed for the site-specific depth and thickness of the oxide zone at the well 
location.  Because injection pressures are calculated based on the distance from the top of the well 
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casing to the top of the injection interval, variations in well construction depth will in turn result in 
variation of the average and maximum injection pressures at each well.  The calculated average and 
maximum injection pressures, therefore, will be specific to each of the planned wells.  Each well will be 
constructed to ensure that the injection interval is at least 40 feet below the top of the oxide zone but 
spans the remainder of the oxide zone below.  Based on available formation thickness data, a 
representative range of injection pressures have been calculated for planned injection wells at the 
proposed commercial-scale ISCR wellfield injection wells and are presented in Table D-2.  The calculated 
injection pressures listed in Table D-2 reflect the anticipated minimum and maximum depths to the top 
of the injection zone based on available data and potential variations in well design. 
 
Typical injection and recovery wells may include one or more injection intervals ranging in length 
between 190 and 860 feet.  The injection pressures presented herein are calculated by multiplying the 
depth from the top of well casing to the top of the injection interval by a pre-determined factor that is 
designed to moderate injection pressures and prevent hydraulic fracturing of the formation. 
 
D.3.2.1 Average Injection Pressure 
 
Average injection pressures are calculated as a function of the dynamic elevation of the column of 
injectate standing above the top of the injection interval during ISCR operations.  For the purposes of 
estimating the average injection pressure, it is assumed that the dynamic elevation of the injected fluid 
is equal to the elevation of the well head, and that no additional mechanical pressure is applied.  Based 
on operational experience at the PTF wellfield, this assumption is conservative because each of the PTF 
injection wells is able to achieve the desired flow rates without the application of additional pressure at 
the well head.  Each of the PTF injection wells has been able to sustain appropriate injection rates with 
well head pressure equal to atmospheric pressure and gravity flow.  Similarly, BHP Copper Inc. (BHP 
Copper) reported that injection during the hydraulic control test conducted in 1997 was also 
accomplished under atmospheric pressure and gravity flow conditions as well. 
 
Typical groundwater exerts a pressure equivalent to approximately 0.43 pounds per square inch per foot 
(psi/ft) of depth.  Although composed primarily of water, injectate also includes sulfuric acid and 
dissolved minerals that will increase the density by an estimated 5 percent.  Consequently, the injectate 
solution is estimated to exert a pressure equal to approximately 0.45 psi/ft of depth.  This is the value 
used to calculate the average injection pressures at the top of each injection interval.  
 
Average injection pressures are calculated by multiplying the depth to the top of the injection interval 
from the top of well casing by 0.45 psi/ft.  This method reflects a well head pressure that is equal to 
atmospheric pressure, while the well casing is flooded with injectate.  The pressure generated at the top 
of the injection interval results solely from the weight of the column of injectate with no additional 
mechanical pressure applied.  Examples of average injection pressures at selected depths representative 
of the top of potential injection intervals are included in Table D-2. 
 
D.3.2.2 Maximum Injection Pressure 
 
Formation testing conducted in 1995 by BHP Copper determined a minimum fracture gradient of 
approximately 0.71 psi/ft for rock within the oxide zone.  To ensure that injection pressures did not 
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induce additional fracturing of the oxide zone, UIC AZ396000001 issued to BHP Copper for the FCP in 
1997 established a fracture gradient limit of 0.65 psi/ft.  This fracture gradient value is included as the 
injection pressure limitation in UIC R9UIC-AZ3-FY11-1.  Florence Copper proposes to continue use of the 
0.65 psi/ft fracture gradient as the injection pressure limitation and to determine the maximum 
injection pressure for each injection well.   
 
Maximum injection pressures are determined by multiplying the fracture gradient limit (0.65 psi/ft) by 
the depth from the top of well casing to the top of the injection interval.  This method of calculating 
maximum injection pressures reflects the pressure generated by the weight of the column of raffinate 
and an additional pressure applied by mechanical means to achieve the maximum allowable injection 
pressure at depth. 
 
As described above, packer assemblies may be used to focus injection in targeted areas of the injection 
zone.  Because operational injection pressures are calculated to the top of each injection interval, the 
length of the interval does not affect the calculated injection pressures.  Consequently, if multiple 
injection intervals are used, the injection pressure will be calculated at the top of the combined interval.   
 
Example average and maximum injection pressures at selected depths representing the top of potential 
injection intervals and the corresponding maximum well head pressures are included in Table D-2.  The 
calculated injection pressures listed in Table D-2 reflect the anticipated variable depths to the top of the 
injection zone based on available data and potential variations in well design.  
 
D.3.3 Annular Fluid 
 
Annular fluid is the fluid that exists between the injection pipe and the interior of the well casing.  Over 
the operational life of a Class III injection well at the FCP site, the nature of the annular fluid in a given 
well will vary between native groundwater from the oxide zone, raffinate solution, and PLS.  The 
estimated composition of native groundwater and the forecast compositions of raffinate solution are 
presented in Exhibit D-3.  Exhibit D-3 is discussed further below under Section D.3.5.   
 
The proposed Class III injection wells may be operated in one of two modes:  pressurized at the well 
head, or under atmospheric well head pressures.  In either mode an injection pipe will be used with or 
without a packer installed depending on operational conditions.  The nature of the annular fluid under 
each of these injection conditions is described below. 
 
D.3.3.1 Pressurized Injection 
 
Under pressurized operation, an injection pipe and packer assembly will typically be used to isolate and 
focus injection into a targeted injection interval.  The packer assembly will include packer(s) placed at 
the top and bottom (if required) of the injection interval.  Depending on operational conditions the 
packer may be deflated or removed altogether.  For new wells, the well will contain only native 
groundwater at startup and when the packer assembly is inflated, native groundwater will be trapped in 
the annulus above the uppermost packer. 
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After operations have commenced, the packer assembly may periodically be deflated so the assembly 
can be moved between injection intervals within the injection zone.  Deflation and moving of the packer 
assembly will result in incidental mixing of the native groundwater from the oxide zone, initially trapped 
above the packer, with the raffinate until eventually the composition of the annular fluid reflects 
raffinate. 
 
D.3.3.2 Injection at Atmospheric Well Head Pressures 
 
During injection at atmospheric well head pressure conditions, raffinate will be introduced to the well 
through injection tubing that discharges below the static fluid level in the well.  Groundwater will not be 
isolated above a packer assembly.  Operation under atmospheric well head pressure will flood the 
annulus with raffinate for the entire length of the well at the commencement of operations and will 
maintain that condition throughout the period of injection. 
 
D.3.3.3 Recovery Wells 
 
All wells used for recovering PLS will be constructed to Class III well standards.  Annular fluid within new 
recovery wells will initially be oxide zone groundwater.  As injection begins and fluids are recovered 
from the injection zone and pumped back to the surface, the annulus of the recovery wells will be 
flooded with PLS at atmospheric pressure. 
 
D.3.4 Anticipated Changes Resulting from Injection 
 
D.3.4.1 Changes in Pressure 
 
During the planning and permitting process for the PTF, Florence Copper prepared a groundwater model 
to simulate the change in formation fluid pressure resulting from injection and recovery operations at 
the PTF wellfield.  The principal focus of the modeling effort was to determine how high injected fluids 
might rise under operational conditions.  Because the PTF wellfield represents one full-scale, five-spot 
well block of the same spacing, depth, and flow rate planned for the commercial-scale ISCR operation, 
the modeling conducted to simulate pressure changes at the PTF wellfield is representative of a five-
spot well block within the planned commercial-scale ISCR area.  The model simulation results were 
reported in Attachment N of the UIC Permit application submitted in July 2014.   
 
The model results indicated a pressure differential of approximately 16.5 psi, equivalent of a head 
change of 38 feet between the injection and recovery wells over a distance of 71 feet.  These results 
indicate that the water level can be expected to rise at the injection well by approximately 19 feet and 
draw down at the recovery wells by approximately 19 feet.  These modeling results showed that 
mounding of the injected fluid, if any were to occur, would be contained within the 40-foot-thick 
exclusion zone.  Aquifer testing conducted at the PTF wellfield, subsequent to the modeling exercise, 
confirmed that the hydraulic parameters used in the groundwater model are representative of actual 
formation conditions.  The pre-operational characterization report is included as Exhibit D-4. 
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Ongoing geophysical studies conducted at the PTF wellfield confirm that injected fluid has not mounded 
into the exclusion zone.  Florence Copper has installed four bulk conductivity sensors at each of the 
seven observation wells (928 sensors in total) at the edge of the PTF wellfield and has collected weekly 
data since PTF operations began.  The lowest of the conductivity sensors are placed at approximately 
the middle of the exclusion zone (approximately 20 feet above the injection zones) and are spaced at 
20-foot intervals above that location.  Weekly monitoring of the bulk conductivity sensors has not 
detected any vertical migration of injected fluid into the exclusion zone.  These monitoring results 
represent direct measurement of vertical fluid migration and are consequently more relevant than the 
modeling results.  Bulk conductivity monitoring indicates that there has been less mounding of the 
injected fluid than reflected by the earlier modeling results.  The modeling results reflected potential 
mounding of approximately 19 feet.  The lowest bulk conductivity sensor is placed approximately 20 feet 
above the injection zone.  Bulk conductivity monitoring results showed no measured increase in 
conductivity, indicating that no mounding has reached the middle of the exclusion zone.   
 
The combined model simulations and bulk conductivity analyses serve to demonstrate that under the 
planned injection and recovery conditions, the pressure change resulting from injection may be less 
than 8.2 psi (19 feet of mounding), and that the proposed 40-foot exclusion zone is adequate.  Bulk 
conductivity monitoring data has previously been submitted to USEPA with quarterly monitoring reports 
for PTF operations and are provided herewith as Exhibit D-5. 
 
D.3.4.2 Fluid Displacement 
 
Native formation fluid within the oxide zone consists of groundwater residing in fractures and is of a 
quality generally suitable for irrigation and industrial uses.  No drinking water wells exist within the 
oxide zone or the overlying alluvial sediments within the bounds of the aquifer exemption area.  At the 
commencement of injection and recovery, native groundwater will be withdrawn from the fractures of 
the oxide zone through the recovery wells and be replaced with injected fluid.  Consequently, at startup, 
displacement of native fluid will consist of extraction of native groundwater and subsequent 
replacement by injected fluid.  The source of injected fluid is native groundwater withdrawn from the 
oxide zone, mixed with dilute sulfuric acid and re-injected into the oxide zone. 
 
Injection and recovery rates will be closely balanced to ensure full recovery of the injected fluid.  The 
aggregate recovery rate will be higher than the aggregate injection rate to ensure that more fluid is 
withdrawn than is injected, and to maintain the necessary inward hydraulic gradient during ISCR 
operations and formation rinsing.  Because injection and recovery rates will be closely balanced, net 
groundwater extraction within the ISCR area will consist of the amount of groundwater pumped to 
maintain hydraulic control.  During ISCR operations, this volume of water will nominally be 
approximately 660 gpm, when the full 11,000 gpm production capacity of the SX/EW plant is attained.  
During ISCR operations, withdrawal of the approximate net 660 gpm of fluid will be distributed across 
the active portion of the ISCR wellfield.   
 
The inward hydraulic gradient will cause groundwater to flow toward the active portion of the ISCR 
wellfield facility from the surrounding formation.  Consequently, displacement of native fluid by ISCR 
operations will be toward the ISCR wellfield. 
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D.3.4.2.1 Effects of Faults on Native Fluid Displacement 
 
The Bedrock Oxide Zone is an extensively fractured mass of granodiorite and quartz monzonite.  The 
fracturing is the result of regional scale extensional tectonic stresses that effectively pulled the rock 
mass apart, creating a series of faults and related fracturing throughout the rock mass.  The difference 
between the observed faults and other fracturing is the noted evidence of displacement (i.e., 
slickensides, fault gouge, or observable offset).  Fractures that do not show evidence of displacement 
are not logged as faults, while fractures that show evidence of displacement are logged as faults.  
Consequently, the mapped faults consist of fractures that have exhibited evidence of displacement with 
no regard to the degree and scale of fracturing. 
 
The location of the plane of displacement shifted through time with changing tectonic stresses, resulting 
in an irregular fault plane at each principal shear zone.  The observed faults do not exhibit discrete fault 
planes.  Rather, the faults are characterized as fault zones consisting of numerous shear planes flanked 
by extensive related fracturing, which combined range in width to several hundred feet thick enveloping 
the principal shear zone.   
 
The shifting tectonic stresses affecting the rock mass beneath the FCP property have resulted in two 
principal faults (Sidewinder and Party Line) and numerous smaller, discontinuous faults (e.g., 
Rattlesnake and Thrasher), which are sub-parallel to the larger faults.  The Sidewinder and Party Line 
faults are the principal faults that transect the ISCR wellfield.  The Sidewinder and Party Line faults are 
assumed to extend the entire distance over which they have been mapped.  The Sidewinder and Party 
Line fault zones range in width from approximately 100 to 300 feet at locations where they have been 
identified in core logs.  These faults have been rendered in the groundwater flow model based on a 
geologic model that was constructed from core logs.  Additional smaller unnamed faults existing within 
the ISCR area, which are not characterized with regards to continuity, are not rendered in the 
groundwater flow model.     
 
Based on one aquifer test conducted adjacent to the Party Line fault in 1995, it has been inferred that 
hydraulic conductivity adjacent and parallel to the larger faults is greater than that observed in the 
remainder of the fractured rock mass, and that hydraulic conductivity perpendicular to the faults is 
lower than the surrounding rock mass.  The numerous small faults are too small and pervasive to 
individually characterize within the fractured bedrock framework.  
 
Aquifer tests conducted at the PTF wellfield prior to commencement of ISCR operations included at least 
one test conducted at a well (R-03) that is projected to intersect the Sidewinder fault.  Two additional 
wells are projected to possibly intersect the Sidewinder fault at greater depth and for a shorter portion 
of the well bore.  No corresponding difference in hydraulic conductivity was observed at the wells which 
intersected the Sidewinder fault zone.  No difference in hydraulic conductivity was observed because 
the oxide zone adjacent to the fault is extensively fractured to the point that it reflects crushed rock.  
Consequently, the faults represent neither conduits nor barriers to groundwater flow at the scale of the 
planned ISCR well spacing.  However, the faults rendered in the updated groundwater model were 
conservatively assigned a hydraulic conductivity ten times that of the surrounding oxide zone.  The 
results of the PTF pre-operational testing are included in Exhibit D-4. 
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D.3.4.3 Direction of Movement 
 
For the five-spot pattern, each injection well will be surrounded by four recovery wells constructed to 
withdraw fluid from the injection zone.  The recovery wells will be evenly spaced in a square pattern 
around each injection well at a distance of approximately 71 feet from the injection well.  The well 
spacing may be adjusted to optimize injection and recovery operations based on operational data.  The 
top of the injection interval will be a minimum of 40 feet below the top of the oxide zone.  Injection and 
recovery rates will be closely balanced to ensure full recovery of the injected fluid.  The aggregate 
recovery rate will be higher than the aggregate injection rate to ensure that more fluid is withdrawn 
than is injected, and to maintain the necessary inward hydraulic gradient during ISCR operations and 
formation rinsing.   
 
The hydraulic control test conducted by BHP Copper in 1997-98 demonstrated that the proposed well 
pattern and spacing can be used to induce horizontal well-to-well flow within the oxide zone.  The 
groundwater model prepared by Florence Copper using formation-specific geologic and hydrologic 
properties in support of PTF permitting also indicated that horizontal fluid flow could be induced 
between wells constructed in the oxide zone.  Operational experience from the PTF confirms that 
horizontal flow can be induced within the oxide zone between injection and recovery wells.  The PTF 
wellfield is an appropriate analog for the planned ISCR operations in the broader commercial-scale ISCR 
wellfield. 
 
The bedrock underlying the oxide zone is effectively impermeable, so downward flow of injected 
solutions is not expected.  The oxide zone is underlain locally by a zone of sulfide mineralization that 
occurs in the same quartz monzonite and granodiorite rocks that compose the oxide zone and is of 
unknown lateral and vertical extent.  The fracture frequency and resulting permeability of the fracture 
network within the sulfide zone beneath the proposed ISCR wellfield is significantly less than that 
observed in the overlying oxide zone.  For this reason, no ambient downward flow of injected fluid is 
anticipated, and no recovery wells will be constructed in the sulfide zone to induce downward flow of 
injected fluid. 
 
Based on formation characterization data, model analyses, and operational data, horizontal flow of 
injected solution between the injection wells and recovery wells will be established using the proposed 
wellfield layout and well configuration. 
 
D.3.5 Qualitative Analysis of Constituents in Injected Fluid 
 
Florence Copper has conducted extensive laboratory analyses of core samples and groundwater 
obtained from the FCP site.  In 2011, Florence Copper began a test program for the purpose of 
examining previous site owners’ predictions regarding ISCR performance and to develop improved test 
methods for ISCR.  The essential elements of a test program for ISCR are to use whole core samples and 
establish test conditions in the laboratory which correspond to field conditions as closely as possible.  
The Florence Copper ISCR leaching and rinsing program included box tests, individual pressurized tests, 
and series pressurized tests.  The test work was conducted at SGS Mineral Services in Tucson, Arizona.  
Supporting analytical work was performed at SGS Mineral Services in Vancouver, British Columbia, and 
Lakefield, Ontario.  Mineralogical work was performed at Colorado School of Mines and Montana Tech.  
 
Test work conducted in the lab suggested that each block of wells would produce economic quantities of 
copper for up to 4 years, followed by up to 2 years of rinsing.  The duration of planned operations also 
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depends on the number of active wells and size of each mining block.  The number and sequence of 
wells planned to be installed each year may be adjusted during operations, however, there is anticipated 
to be no change in the overall number of resource blocks or the anticipated time to leach and rinse the 
blocks.  
 
Current and ongoing laboratory test work evaluating PTF derived solution samples confirms a multi-year 
leaching cycle.  Laboratory test work to evaluate rinsing scenarios has helped determine appropriate 
flow rates and dosages of neutralizing agents, such as sodium bicarbonate, to efficiently restore the 
buffering capacity of the formation.  This testing has informed site-specific parameters such as planned 
reagent concentrations and reaction rates in the formation.  Experience gained in operating the PTF 
combined with the laboratory test work has resulted in optimized flow rates and reagent concentrations 
for different phases of planned ISCR operations and confirms the planned overall operational and rinsing 
periods of the project.  The planned leaching and rinsing stages for commercial ISCR operations are 
confirmed by data generated from the PTF and remain unchanged relative to the durations proposed in 
the 4 October 2019 UIC Application. 
 
The core samples used in the testing were obtained from core holes drilled at the site in 2011.  Drill 
holes were located in the southern portion of the deposit near the original BHP Copper test wellfield 
and in the northern portion of the deposit adjacent to the PTF wellfield.  In each of the tests conducted, 
the drill core samples were selected to represent the range of key geological parameters found within 
the overall deposit including rock type, clay content, metallurgical zone, and fracture intensity. 
 
Core samples were leached and rinsed with the same solutions and formation applied at the PTF 
wellfield.  The laboratory program included a series of tests using sealed flow-through boxes, wherein 
the boxes were connected in a series to simulate a lengthened flow path through formation material.  
Manometers were located between boxes to allow observation of the pressure drop due to friction loss 
at each stage of the flow path.  The tests were conducted at a flow rate of 7 liters per day and a 
hydrostatic head of 12 inches on the solution entering the first box.  There was no pressure drop, either 
overall or between any pair of boxes, during leaching.  This is consistent with visual observation of all of 
the core segments following leaching and rinsing.  The leached residues were free of any evidence of 
flow blockages and showed essentially complete removal of the characteristic blue color of chrysocolla.  
Some gypsum was visible on fracture surfaces, but it was granular and unconsolidated. 
 
Laboratory simulations of copper recovery were completed after approximately 150 to 200 days each of 
leaching and rinsing.  However, the tests represented ideal conditions with essentially 100 percent 
solution/solid contact (100 percent sweep efficiency), and flow rates were higher per unit area 
contacted than those expected in the commercial wellfield.  The geochemical model projections used to 
support the permit application included an estimated sweep efficiency as a function of time and 
indicated completion of leaching and rinsing within approximately 2.5 to 4 years.  However, the 
formation has variable in mineralogy, fracture intensity, clay and calcite content, and thickness, so we 
have conservatively assumed a total of 6 years for copper extraction and rinsing of the formation. 
 
The geochemical data generated from this test program was compared to geochemical data generated 
by previous site owners to determine the best method to forecast process solution composition.  These 
data have since been further compared to geochemical data generated from PTF operations to date.  
Florence Copper subsequently retained the services of HydroGeoLogica, Inc. and Haley & Aldrich, Inc. to 
continue evaluation of the combined dataset and to create a new geochemical model to refine the 
forecasts of process solution composition that was previously prepared in support of amendment of APP 
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No. P-106360.  The principal objectives of the review and modeling activities were to (1) forecast 
constituent concentrations that could reasonably be expected in fully mature PLS; (2) forecast 
constituent concentrations in raffinate produced in an on-site SX/EW plant; and (3) verify earlier 
modeling results that indicated groundwater quality can be restored to Aquifer Water Quality Standard 
or pre-determined injection zone concentrations by rinsing the ore body with native groundwater.  
Exhibit D-3 is a technical memorandum prepared by HydroGeoLogica that includes forecast 
compositions of the principal fluid streams to be generated during ISCR operations.   
 
The HydroGeoLogica report provides reasonable estimates of forecast constituent concentrations that 
may be expected in the PLS and raffinate, and compare favorably with PTF solutions generated to date 
and projected mature solutions expected from the PTF in the coming months.   
 
D.3.5.1 Estimated Composition of 98 Percent Sulfuric Acid 
 
Exhibit D-3, Table 1, column 1, shows the estimated composition of 98 percent sulfuric acid.  Sulfuric 
acid is typically produced from the recovery of sulfur dioxide at a smelter facility.  The composition 
shown is representative of the sulfuric acid generated at the ASARCO Hayden smelter, and is typical of 
acid that will be delivered to FCP for acidifying raffinate during ISCR operations.   
 
D.3.5.2 Forecast Composition of PLS 
 
Exhibit D-3, Table 1, column 2, reflects mature PLS that has been extracted from the ISCR wellfield prior 
to SX/EW copper recovery.  At ISCR wellfield startup, recovered solution will be re-acidified and 
re-injected until copper concentrations reach a level sufficient to achieve SX/EW copper recovery.  After 
copper is stripped from the PLS, it will be re-acidified and prepared as raffinate for injection. 
 
D.3.5.3 Injectate Solution (Raffinate) Composition 
 
Exhibit D-3, Table 1, column 3, reflects the estimated forecast composition of mature raffinate.  The 
composition is based on the assumption that the solution after processing in the SX/EW plant be similar 
to the PLS composition, with the exception that it will have lower copper concentrations and lower pH.  
Raffinate will exit the SX/EW plant and be directed to the raffinate pond before it is conveyed to the 
ISCR wellfield and acidified, as needed, prior to injection.  
 
Inorganic constituents in the in-situ solutions are a product of both process chemicals as well as 
chemical reactions resulting from the interaction of raffinate with the host rock of the oxide zone during 
ISCR wellfield operations.  They will be variable in both composition and concentration.  Some 
constituents are relatively predictable because their sources are the inorganic chemicals (such as sulfuric 
acid and calcium carbonate that will be mixed to acidify or neutralize solutions) which are controlled and 
measurable; however, other constituents are a function of the interaction between the injection fluids, 
pH of injection fluids, existing groundwater, and the solubility of minerals present in the oxide zone.  
Their composition and concentration will be difficult to validate until the injection and recovery process 
has continued for enough time to develop a mature PLS.  Therefore, a qualitative analysis of 
constituents in mature raffinate solution cannot be definitively provided at this time until a mature PLS 
is produced.  
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D.3.5.4 Water Impoundment Solution 
 
Exhibit D-3, Table 1, column 4, reflects water in the water impoundments that has been neutralized by 
the addition of lime.  This solution will include a small PLS bleed stream and hydraulic control water 
during ISCR operations, and water produced during formation rinsing.   
 
D.3.5.5 Water Impoundment Sediment 
 
Exhibit D-3, Table 1, column 5, reflects sediment in the water impoundments following solution 
neutralization.  
  
D.3.5.6 Composition of Groundwater after Block Rinsing 
 
Exhibit D-3, Table 1, column 6, shows the estimated composition of groundwater after block rinsing.   
 
D.3.5.7 Composition of Make-up Water  
 
Exhibit D-3, Table 1, column 7, shows the estimated composition of groundwater that will be used as 
make-up water during ISCR operations.  Make-up water will be obtained from an existing on-site well 
that is located outside of the area of review. 
 
D.4 MONITORING PROGRAM 
 
Pre-operational and operational monitoring devices and procedures are described below. 
 
D.4.1 Pre-Operational Review 
 
Before commencing operations in the ISCR wellfield, Florence Copper will conduct a pre-operational 
review of all start-up procedures to ensure that the operations comply with UIC Permit conditions, as 
follows:  

 Mechanical integrity tests (Part I and Part II) have been conducted on all ISCR wells and all wells 
have passed the tests.   

 All wells have been completed such that they will not inject solutions within the injection 
exclusion zone (within the top 40 feet of the oxide zone).   

 All core holes and all wells (except Class III wells and wells used for groundwater monitoring) 
located within 500 feet of the ISCR wellfield have been abandoned in accordance with an 
approved Plugging and Abandonment Plan.   

 Allowable injection pressure, not to exceed 0.65 psi/ft of depth, has been established for each 
injection well.   

 Injection fluids have been checked and found to meet permit specifications.  

 Fresh groundwater has been injected, as needed, to assess the hydraulics of the injection and 
recovery patterns and to confirm that all monitoring devices and controls are in working order.   
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D.4.2 Operational Monitoring 
 
D.4.2.1 Injection System 
 
The injection system consists of the individual wells, pumps, manifolds, piping, and related controls and 
meters.  Manifolds will be used to distribute raffinate to injection wells and to collect PLS from recovery 
wells.  Mechanical controls and monitoring devices incorporated into the injection system are listed 
below and illustrated in the drawings in Figures C-5 and D-2 of this Application.  The injection system 
includes: 

 One pressure transducer at each injection well head; 

 One flow meter at each injection manifold for measuring flow rates (gpm); 

 One totalizing flow meter for measuring cumulative flow (gallons) into each injection manifold; 

 One isolation valve at each injection well; 

 One flow meter at each injection well for measuring flow rates (gpm); 

 One valve at each injection well for controlling flow; and 

 One pressure transducer to measure annular pressure above the packer or in the well bore if no 
packer is installed. 

 
Operators will use the injection well head pressure transducers to monitor injection pressures for loss of 
mechanical integrity and ensure that the maximum allowable injection pressures are not exceeded at 
the well heads.  The allowable injection pressure will be calculated for each injection well.  Actual 
pressures measured at each well head will be compared to the maximum allowable pressure(s) for the 
well and flow will be adjusted as necessary to ensure injection pressures are within calculated allowable 
limits.   
 
Operators will also use gauges and meters at each injection manifold to monitor injection pressures and 
flows on a manifold-by-manifold basis.   
 
Allowable injection pressure will be calculated for each injection well as described above.  Actual 
pressures measured at each manifold will be compared to the maximum allowable pressure(s) for the 
well with the lowest allowable pressure and will be adjusted as necessary to ensure injection pressures 
are within calculated allowable limits.  Injection pressure will also be measured at each well head.   
 
Every 24 hours, the totalized flow to the injection manifold will be summed and compared to the 
summed totalized flow from all of the recovery wells.  If the summed total flow from recovery wells 
exceeds the total flow into injection wells, hydraulic control will be verified.  If the summed total flow 
from recovery wells does not exceed the total flow into injection wells, adjustments to recovery and/or 
injection flow rates will be made accordingly to restore hydraulic control. 
 
Reduced flow in an injection well may be due to changes in formation characteristics or clogging of the 
formation or the well screens.  A sudden increase in flow may indicate a break/failure of the well casing.  
If a casing breach is believed to have occurred, the operator will shut down that well by turning off flow 
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and will conduct relevant inspections.  Inspections and related reporting will be conducted in 
accordance with Section D.5.1 below. 
 
The injection and recovery systems will be connected to one or more tanks in the ISCR area.  The tanks 
will be fitted with a high-level alarm and level indicators.  Both alarm and level indicator signals will be 
routed to the control room.  An alarm will actuate if either a line fails or the tank high level is exceeded.  
The feed pump to the tank will be shut down automatically.  Spilled solutions will be captured in a lined 
collection sump able to contain 110 percent of the volume of the tank and line.  The spilled volume will 
be pumped back into the circuit for reuse.  
 
Solutions pumped through pipelines located in pipeline channels between the ISCR wellfield and the 
SX/EW plant will be metered for flow and pressure.  An electronic feedback system will alarm if a pump 
fails, flow is interrupted, or flow is not in logical mode when a pump is activated.  Loss of pressure or 
pressure exceeding a high setting will cause the pump to automatically shut down.  In the event of such 
an occurrence, the plant operator will inspect the system.  A broken line will be repaired within 48 hours 
and spilled solutions captured in spill control sumps in the lined channels will be pumped back into the 
process systems or to the water impoundment. 
 
D.4.2.2 Recovery System 
 
The recovery system is similar to the injection system.  It is comprised of the individual wells, pumps, 
recovery manifolds, piping, and related meters and controls as shown on Figures C-5 and D-2 of this 
Application.  The recovery system includes: 

 One continuous reading flow meter (gpm) at the recovery manifold; 

 One totalizing flow meter (gallons) at the recovery manifold; 

 One isolation valve at each recovery well; 

 One flow meter at each recovery well; and 

 One pressure transducer at each recovery well. 

The flow meters on the recovery manifolds will allow the operators to monitor recovery flow rates and 
use the data to compare against injection flow rates as described above.  Inspections and related 
reporting will be conducted in accordance with Section D.5.1 below. 
 
D.4.2.3 Monitoring Hydraulic Control 
 
Hydraulic control will be monitored every 24 hours by comparing total flows into and out of the ISCR 
wellfield, and by monitoring water levels in the recovery/observation/point of compliance (POC) well 
triplets.  If hydraulic control is not indicated, the rate of injection will be decreased and/or the rate of 
recovery will be increased to achieve hydraulic control.   
 
D.5 CONTINGENCY PLANS 
 
Procedures for contingency conditions and associated response actions in the ISCR wellfield are 
summarized in Table 1 of Exhibit D-2, Operations Plan.  Contingency conditions will be identified 
electronically with alarms or by visual inspections.  All contingency conditions require indicated 



Application for Class III UIC Permit Attachment D:  Injection Operation and Monitoring  
Florence Copper Project  Program (40 CFR §§ 146.33 & 146.34) 
 
 

D-17 

follow-up actions listed in Table 1 of Exhibit D-2.  Actions that involve repair or abandonment of an ISCR 
well in response to a contingency condition are described below in Section D.5.1.  
 
D.5.1 Plans for Well Failures 
 
Well failures may occur as a result of loss of mechanical integrity of a well, clogged or damaged screens, 
or a failure in well equipment.  The potential for well failure will be monitored by the system controls 
described in the Operations Plan included as Exhibit D-2.  The potential for well failure may be identified 
by significant changes in injection pressure, injection or recovery flow rates, annular conductivity 
measurements, or water levels measured to verify hydraulic control.  Contingency responses are 
described in this section and in the Operations Plan. 
 
Except as provided below, a significant change in injection pressure in a well occurring during normal 
operating conditions shall be reported to the USEPA in quarterly reports: 

1. If it is determined that a well failure has occurred and that the well will be repaired, a report 
will be submitted as soon as possible of any planned physical alterations or additions to the 
permitted injection wells.  Any changes in well construction (i.e., a well workover) will require 
prior approval by USEPA and may require permit modification under 40 CFR 144.41.  
Following a well workover, a demonstration of mechanical integrity shall be performed within 
30 days and prior to resuming injection activities in accordance with the UIC Permit. 

2. If it is determined that the well must be abandoned, a report will be submitted in the next 
quarterly reporting period.  The abandonment and related reporting will proceed in 
accordance with the Plugging and Abandonment Plan. 

 
Failures related to clogged screens or filter packs and failures related to well equipment will be 
evaluated as they are detected, and in-plant maintenance orders will be issued and tracked to ensure 
timely repairs.  Such failures and related responses are considered part of normal operations and are 
not subject to reporting requirements unless the result is workover of the affected well.  Any equipment 
failure in an observation well and/or a recovery well that affects the ability to monitor hydraulic control 
will be repaired as soon as possible. 
 
D.5.2 Loss of Hydraulic Control 
 
In the event of a loss of hydraulic control, contingency response actions will be implemented within 
24 hours of becoming aware of the loss of hydraulic control.  If the loss of hydraulic control is due to 
equipment failure, the response actions will be implemented if the repair cannot be completed within 
48 hours following the detection of the equipment failure.  
 
Florence Copper proposes the following contingency language for incorporation into the requested UIC 
Permit.  The section numbering and language presented below reflect the anticipated numbering and 
proposed language for the contingency plan section of the new UIC Permit. 

1. Loss of Hydraulic Control 

A. The Permittee shall initiate the following actions within 24 hours of becoming aware that 
the volume of fluids recovered from the injection and recovery zone of the ISCR wellfield 
during a 24-hour period is less than 106 percent of the amount of fluid injected during the 
same 24-hour period: 
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i. Adjust the flow rate for the recovery and/or injection wells to restore the percent of 
recovered fluid volume to at least 106 percent of the injected volume; 

ii. Inspect the injection and recovery lines, pumps, flow meters, totalizers, pressure gages, 
pressure transducers and other associated instruments and facilities; 

iii. Initiate pressure testing of wells if the loss of fluids cannot be determined to be caused 
by a surface facility failure; and 

iv. Repair system as necessary to restore the percent of recovered fluid volume to at least 
106 percent of the injected volume. 

B. A loss of hydraulic control is deemed to occur when the amount of fluid recovered during a 
48-hour period is less than 106 percent of the amount of fluid injected during the same 
48-hour period.  Loss of hydraulic control is also defined by an inward gradient (in head 
differential) of less than 1 foot or an outward gradient observed in any recovery/ 
observation/POC well triplet over a 48-hour period.  An inward gradient of less than 1 foot 
(i.e., loss of hydraulic control) shall require action to restore the inward gradient to at least 
1 foot in the subsequent 24-hour period. 

The minimum inward flow ratio and head differentials may be adjusted during the course of 
wellfield operation if warranted based on head data from recovery/observation/POC well 
triplet and from POC water quality data, subject to USEPA approval. 

The Permittee shall initiate the following actions within 24 hours of becoming aware of the 
loss of hydraulic control for more than 48 consecutive hours, as defined above.  The 
Permittee shall: 
i. Cease injection in one or more wells as necessary to restore hydraulic control; 

ii. Operate recovery wells until the amount recovered equals an amount sufficient to 
restore the ratio of fluid recovered to injected during the prior 72-hour period to a 
minimum of 106 percent and restore all recovery/observation/POC well triplet head 
differentials to at least 1 foot to verify an inward flow gradient; 

iii. Verify proper operation of all facilities within the ISCR wellfield; and 

iv. Perform any necessary repairs. 

C. If action is taken under either A or B above, in the next quarterly report, the Permittee shall 
describe the causes and impacts of the loss of hydraulic control or the variance from the 
required recovery to injection ratio and the actions that were taken to correct the event. 

 
D.5.3 Water Quality Exceedance at POC Wells 
 
In the event of a water quality exceedance at a POC well, contingency response actions will be 
implemented in accordance with provisions set forth in APP No. P-101704.  Florence Copper proposes 
the following contingency language for incorporation into the requested new UIC Permit.  The section 
numbering and language presented below reflect the anticipated numbering and proposed language for 
the contingency plan section of the new UIC Permit. 
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1. Water Quality Exceedances at POC Wells 

The following describes contingency plans to be followed after the verification of an alert 
level (AL) or Aquifer Quality Limit (AQL) exceedance in a POC well during the approximate 
22-year life of the ISCR facility and during the 30-year Post-Closure period: 

A. AL exceedance during operational life of the ISCR facility 

i. The Permittee shall collect a verification sample within 14 days after becoming aware of 
an exceedance of an AL listed in Table 1 or Table 2 of Part II.F.2. 

ii. Within 5 days after receiving the results of verification sampling from the laboratory, the 
Permittee shall notify the director if the results indicate an exceedance. 

iii. If the results of verification sampling indicate that an AL has not been exceeded, the 
Permittee shall notify USEPA of the results and assume that no exceedance has 
occurred.  No further action is required until the next scheduled monitoring round. 

iv. Within 30 days of receiving the laboratory results verifying that an AL has been 
exceeded, the Permittee shall do the following: 

a. Submit a written report to USEPA providing an evaluation of the cause, impacts, 
or mitigation of the discharge responsible for the AL exceedance, or 

b. Submit a written report to USEPA which definitively demonstrates that the AL 
exceedance resulted from an error(s) in sampling, analysis, or statistical 
evaluation. 

v. Upon review of the report documenting the AL exceedance, the Director may require 
additional monitoring and/or action beyond those specified in this permit. 

B. AQL Exceedance during operational ISCR wellfield Life, Closure, and Post-Closure period. 

i. The Permittee shall collect a verification sample within 14 days of becoming aware of an 
exceedance of an AQL listed in Table 1 or Table 2 of Part II.F.2. 

ii. Within 5 days of receiving the results of verification sampling from the laboratory, the 
Permittee shall notify the Director of the results, regardless of whether the results are 
positive or negative. 

iii. If the results of verification sampling indicate that an AQL has not been exceeded, the 
Permittee shall assume that no exceedance has occurred and no further action is 
required until the next scheduled monitoring round. 

iv. Within 30 days of receiving the laboratory results verifying that an AQL has been 
exceeded, the Permittee shall do the following: 

a. Submit a written report to USEPA providing an evaluation of the cause, impacts, 
or mitigation of the discharge responsible for the AQL exceedance, or 

b. Submit a written report to USEPA which definitively demonstrates that the AQL 
exceedance resulted from an error(s) in sampling, analysis, or statistical 
evaluation. 
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v. Upon review of the report documenting the AQL exceedance, the Director may require 
additional monitoring and/or action beyond those specified in this permit. 

C. Verification Sample Requirements 

The verification sample shall be collected only from the well in which an exceedance was 
detected and shall be analyzed for the constituents of Table 1 of Part II.F.2.  If the 
constituent that exceeded an AL or AQL is one that is listed in Table 2 of Part II.F.2 but not in 
Table 1, the verification sample shall be analyzed for all constituents listed in Table 1 and 
only for constituent(s) from Table 2 that exceed the AL or AQL 

 
D.5.4 APP No. P-101704 Proposed Contingency Plan Language 
 
In addition to the above described contingency plans, Florence Copper has prepared contingency plan 
language proposed for inclusion in the requested amendment of APP No. P-101704.  Significant 
amendment of APP No. P-101704 has been requested of the Arizona Department of Environmental 
Quality to authorize construction and operation of the proposed commercial-scale ISCR facility at the 
FCP site.  The contingency plan language proposed in conjunction with the requested amendment of 
APP No. P-101704 is included herewith as Exhibit D-6. 
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Table D-1.  Injection Rates and Volumes 

 

Injection 
Interval 

Length (feet) 

Typical 
Injection Rate 
at 0.15 gpm/ft 

(gpm) 

Typical 
Injection Rate 
at 0.20 gpm/ft 

(gpm) 

Daily Injection 
Volume at  

0.15 gpm/ft 
(gallons) 

Daily Injection 
Volume at  

0.20 gpm/ft 
(gallons) 

Well with Shortest 
Injection Interval 190 29 38 41,760 54,720 

Well with Typical 
Length Injection 
Interval 

580 87 116 125,280 167,040 

Well with Longest 
Injection Interval 700 105 140 151,200 201,600 

Notes: 
gpm = gallons per minute 
gpm/ft = gallons per minute per foot 

 
 
  



 

 

 
Table D-2.  Example Calculated Average and Maximum Injection Pressures for  

Selected Injection Intervals 

Depth to top of 
Injection Interval  

(feet) 

Average Injection 
Pressure at Top of 
Injection Interval 

(psi) 

Average Well 
Head Pressure  

(psi) 

Maximum 
Injection 

Pressure at Top 
of Injection Zone 

(psi) 

Maximum Well 
Head Pressure 

(psi) 

500 225 Atmospheric 325 100 

690 311 Atmospheric 449 138 

880 396 Atmospheric 572 176 
Notes: 

psi = pounds per square inch 
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EXHIBIT D-1 
 

Technical Memorandum: Design Flow Values  
for ISCR Operations and Rinsing Phases  

(prepared by Haley & Aldrich, Inc.) 
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ISCR OPERATIONS FLOW STREAM 2 
 
As the leach solution (Operations Flow Stream 1) dissolves copper-bearing minerals, the concentration 
of copper in the solution will increase.  The copper enriched PLS is subsequently recovered from the 
bedrock oxide using wells in the ISCR well field.  The copper content in PLS is estimated to be nominally 
2 grams per liter (GPL) based on laboratory analyses of core samples and site-specific conditions.  The 
extraction rate for the PLS is matched to the leach solution injection rate (Operations Flow Stream 1), 
and consequently is set to the planned capacity of the SX/EW plant.  The nominal flow rate set by 
Florence Copper for recovery of PL is 11,000 gpm (Figure 6-1), and the maximum estimated flow rate is 
12,650 gpm. 
 
ISCR OPERATIONS FLOW STREAM 3 
 
Both Aquifer Protection Permit and Underground Injection Control permit require that Florence Copper 
maintain hydraulic control of injected solution (Operations Flow Stream 1) by extracting more fluid than 
is injected.  The excess extraction will serve to draw groundwater toward the well field from the 
surrounding formation to ensure inward groundwater flow.  Florence Copper proposes to withdraw the 
excess groundwater at the edge of the well field to prevent dilution of the copper-bearing solutions.  
The groundwater withdrawn to maintain hydraulic control is represented by Operations Flow Stream 3 
and will contain dilute concentrations of dissolved copper and other minerals, is referred to as hydraulic 
control solution (HCS).  The estimated maximum HCS flow is set at 6-percent of the maximum value of 
the injected leach solution (Operations Flow Stream 1).  Operations Flow Stream 3 will be routed to 
treatment, or will be combined with either PLS or raffinate, depending on process requirements.  Excess 
HCS will be neutralized and routed to the water impoundments for evaporation (Figure 6-1).  The 
nominal flow rate for HCS (Operations Flow Stream 3) is 660 gpm (Figure 6-1) and the maximum 
estimated flow rate is 815 gpm. 
 
ISCR OPERATIONS FLOW STREAM 4 
 
The PLS extracted from the ISCR well field will be pumped from the PLS pond into the SX/EW plant to be 
stripped of copper.  The flow rate from the PLS pond to the SX/EW plant (Operations Flow Stream 4) will 
typically be in equilibrium with the extraction rate of PLS from the ISCR well field.  Consequently, the 
flow rate from the PLS pond to the SX/EW processing facility is based on the production capacity of the 
SX/EW processing facility.  The nominal flow rate flow rate established by Florence Copper for PLS flow 
into the SX/EW processing facility is 11,000 gpm (Figure 6-1) and the estimated maximum flow rate is 
12,650 gpm. 
  
ISCR OPERATIONS FLOW STREAM 5 
 
At the SX/EW plant, the PLS will be stripped of copper to become “barren” raffinate solution.  The 
raffinate solution will be transferred to a raffinate pond at a rate that is in equilibrium with the PLS 
inflow rate (Operations Flow Stream 4) to the SX/EW processing facility.  Consequently, the flow rate 
from the SX/EW processing facility to the raffinate pond is based on the production capacity of the 
SX/EW processing facility.  The nominal flow rate established by Florence Copper for raffinate flow to 
the raffinate pond (Operations Flow Stream 5) is 11,000 gpm (Figure 6-1), and the estimated maximum 
flow rate is 12,650 gpm. 
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ISCR OPERATIONS FLOW STREAM 6 
 
As described above, HCS recovered from the perimeter of the ISCR well field will be routed primarily to 
treatment and then to the water impoundments for evaporation.  The HCS may however be routed back 
into the process circuit depending on operation conditions.  The maximum estimated flow to the water 
impoundments is equal to the HCS flow rate (Operations Flow Stream 3).  Consequently, the nominal 
flow rate for HCS (Operations Flow Stream 6) to the water impoundments is 660 gpm (Figure 6-1) and 
the estimated maximum flow is 815 gpm. 
 
ISCR OPERATIONS FLOW STREAM 7 
 
Sulfuric acid will be added to the injected solution (Operations Flow Stream 1) prior to injection.  The 
sulfuric acid will be added after solution leaves the SX/EW processing facility and prior to the raffinate 
pond (Operations Flow Stream 7).  The estimated nominal quantity of acid to be added is 633 tons per 
day (Figure 6-1), and the estimated maximum quantity required is 808 tons per day. 
 
ISCR OPERATIONS FLOW STREAM 8 
 
The PLS and raffinate solutions will be recirculated for the duration of ISCR operations.  The recirculation 
will result in the accumulation of dissolved mineral constituents in these solutions.  In order to balance 
solution volumes and maintain solution chemistry, a small portion of the flow (raffinate bleed stream) 
from the SX/EW will be routed to treatment and then to water impoundment (Operations Flow 
Stream 8) and the volume will be replaced by the addition of acid (Operations Flow Stream 7) to the 
raffinate solution (Figure 6-1).  The estimated nominal flow rate of the raffinate bleed stream is 53 gpm 
and the estimated maximum flow rate is 67 gpm.  
 
ISCR OPERATIONS FLOW STREAM 9 
 
The HCS flow described above (Operations Flow Stream 3) is derived entirely from groundwater pumped 
from the perimeter wells.  Operations Flow Stream 9 is included to illustrate that the HCS flow is sourced 
from groundwater.  The estimated nominal flow from groundwater (Operations Flow Stream 9) is 
estimated to be 660 gpm (Figure 6-1), and the estimated maximum flow is 815 gpm. 
 
ISCR OPERATIONS FLOW STREAM 10 
 
All of the water and process solutions pumped to the water impoundments for disposal by evaporation 
will be neutralized with lime as necessary.  The quantity of lime used will vary based on the 
characteristics of the solutions reporting to the water impoundments.  Operations Flow Stream 10 
represents the anticipated nominal quantity of lime required and is estimated to be 33 tons per day 
(Figure 6-1).  The estimated maximum quantity of lime required is 38 tons per day.   
 
ISCR OPERATIONS FLOW STREAM 11 
 
Neutralized water reporting to the water impoundments will be evaporated using mechanical 
evaporators.  The residual solids will be composed of mineral material contained in the solution and 
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lime used for neutralization.  The estimated nominal solids accumulation rate (Operations Flow 
Stream 11) (Figure 6-1) will be 107.8 cubic yards per day and the estimated maximum rate will be 
124 cubic yards per day.  
 
ISCR OPERATIONS FLOW STREAM 12 
 
Copper will be extracted from the PLS (Operations Flow Stream 4) at the SX/EW processing facility.  The 
nominal rate of copper production (Operations Flow Stream 12) is 85 million pounds per year 
(Figure 6-1), and the estimated maximum rate of copper production will be 97 million pounds per year. 
 
Formation Rinsing Flow Components 
 
The duration of the rinsing phase is anticipated to be 48 months.  The streams and rates shown are 
based on the results of rinsing conducted by BHP Copper Inc. (BHP Copper; a previous site owner), 
which conducted a limited scale hydraulic control test in 1997 and 1998.  The information derived from 
the BHP Copper test is further supported by subsequent laboratory testing conducting by Florence 
Copper, the results of geochemical and hydrological modeling completed in 2010 and 2019.   
 
The input variables and assumptions for calculating the flow rates shown on Figure 6-2 are described 
below and are based on data and information provided by Florence Copper.  The calculated flow rates 
shown on Figure 6-2 are the current best estimate of anticipated flow for formation rinsing following 
completion of the planned ISCR operations. 
 
RINSING FLOW STREAM 1 
 
Rinsing Flow Stream 1 includes a nominal flow value of 1,880 gpm, which is derived from groundwater 
(Rinsing Flow Stream 3) and treated water (Rinsing Flow Stream 4) (Figure 6-2).  The estimated 
maximum flow value for this flow stream is 2,475 gpm.   
 
The groundwater component is extracted from wells outside of the ISCR wellfield area.  Rinsing Flow 
Streams 3 and 4 are pumped from the wells and the treatment system into the clean water rinse surge 
tank, and from there to the well field (Rinsing Flow Stream 1) where it will be injected to rinse the 
formation.  An additional unquantified flow of neutralizing agents (sodium bicarbonate or other non-
hazardous neutralizing agent), mixed with rinse water, is also shown on the rinsing flow sheet.  The 
required quantity of neutralizing agents is dependent on laboratory analyses of rinse water chemistry 
during the rinsing operations. 
 
RINSING FLOW STREAM 2 
 
Rinsing Flow Stream 2 is composed of groundwater extracted at an estimated nominal flow rate of 
120 gpm extracted from wells at the perimeter of the ISCR well field during rinsing operation to 
maintain hydraulic control (Figure 6-2).  The estimated maximum flow rate for Rinsing Flow Stream 2 is 
275 gpm.  Groundwater is pumped from the perimeter wells to ensure that all injected solutions are 
recovered.  Groundwater will flow to the perimeter wells from the formation both outside and inside 
the well field, drawing groundwater toward the well field thereby maintaining hydraulic control.  
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RINSING FLOW STREAM 3 
 
Rinsing Flow Stream 3 is makeup water pumped from groundwater using wells outside of the ISCR 
wellfield area.  The nominal makeup water flow rate is 760 gpm (Figure 6-2) and the estimated 
maximum rate is 935 gpm.  This water is pumped from the wells into the clean water rinse surge tank 
where it is staged for re-injection to rinse the formation. 
 
RINSING FLOW STREAM 4 
 
Rinsing Flow Stream 4 originates as rinse water extracted from the ISCR well field and treated before it is 
re-circulated for further rinsing (Figure 6-2).  The flow stream economizes the amount of water used to 
rinse the formation and the resulting number of water impoundments required to evaporate the 
residual rinse water.  The estimated nominal flow for Rinsing Flow Stream 4 is 1,120 gpm, and the 
estimated maximum flow is 1,540 gpm. 
 
RINSING FLOW STREAM 5 
 
Rinsing Flow Stream 5 is the total volume of rinse water recovered, including hydraulic control solutions.  
This flow stream is the sum of “Clean Rinse Water in” and the “HC Flow,” represented as Rinsing Flow 
Streams 1 and 2 on Figure 6-2.  The estimated nominal flow rate for Rinsing Flow Stream 5 is 2,000 gpm 
and the estimated maximum flow is 2,750 gpm. 
 
RINSING FLOW STREAM 6 
 
Rinsing Flow Stream 6 is evaporation of the concentrated waste stream from the treatment process.  
This water is routed to the water impoundments (Figure 6-2) where it will be evaporated using 
mechanical evaporators.  Reliance on the evaporators is highest in winter months when natural 
evaporation is reduced.  The estimated nominal evaporation flow is 760 gpm, and the estimated 
maximum evaporation flow is 935 gpm. 
 
RINSING FLOW STREAM 7 
 
Rinsing Flow Stream 7 represents the accumulation of solids in the water impoundments.  The solids 
originate as dissolved mineral included in Rinsing Flow Stream 6, which are further concentrated by 
evaporation (Figure 6-2).  The estimated nominal rate of solids accumulation is 22 cubic yards per day, 
and the estimated maximum accumulation rate is 30 cubic yards per day.  The solids accumulation rate 
will decrease to zero over time.  
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EXHIBIT D-2 
 

ISCR Facility Operations Plan  
(Monitoring and Response Requirements) 
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Page 1 of 2

Component Monitoring Device  Condition Possible Cause* Response Follow‐up Action

Injection Manifold and 
Pipeline

Pressure Gage or Transducer with 
upper and lower set points

Pressure exceeds upper setting Improper pump setting, clogged screens, reduced formation 
permeability, obstructed well or equipment.

Alarm in control room,  stop flow at  injection manifold. Restart injection at lower flow rates.

Pressure below lower setting Line break, casing or screen breach. Alarm in control room, stop flow at injection manifold. Repair system before restarting flow to injection manifold.

Flow Meter Flow rate too high Improper pump setting, line break, injection well short 
circuit.

Alarm in control room, stop or reduce flow  at injection 
manifold.

Inspect/repair injection system, increase flow rates in 
adjoining recovery manifolds as necessary.

Flow rate too low Improper pump setting, clogged screens, reduced formation 
permeability, obstructed well or equipment.

Alarm in control room, reduce flow rates in adjoining recovery 
manifolds.

Inspect/repair system, adjust injection flow rate as 
necessary.

Totalizing Flow Meter Daily total flow: Total in > total out Loss of hydraulic control. Reduce injection flow rate or increase recovery flow rate. Follow Part II.G of UIC Permit and related reporting and 
record‐keeping requirements.

Injection Well Head No flow Power loss, line break, instrument failure. Reduce recovery rate in adjacent wells. Repair system, adjust flow rates as necessary.

Flow rate too high Improper pump setting, injection well short circuit, damaged 
well casing or equipment.

Reduce injection flow rate as necessary. Inspect/repair injection system.

Flow rate too low Improper pump setting, reduced formation permeability, 
obstructed well or equipment.

Reduce flow rates in adjoining recovery manifolds. Inspect/repair system, adjust injection flow rate as 
necessary.

 Transducer  Pressure exceeds upper limit Improper pump setting, clogged screens, reduced formation 
permeability, obstructed well or equipment.

Alarm in control room,  stop flow at  injection manifold. Restart injection at lower flow rates.

Pressure below lower limit Line break, casing or screen breach. Alarm in control room, stop flow at injection manifold. Repair system before restarting flow to injection manifold.

Injection Well Annular Space Transducer Fluid level too high Loss of packer pressure, injection tubing failure, formation 
bypass to upper screened zone.

Inspect packer pressure, pressure test packer lines, inspect 
injection tubing, inspect fluid level conditions at other injection 
wells.

Repair or replace packer or inflation equipment if 
necessary, replace damaged injection tubing, monitor fluid 
level conditions.

Recovery Manifold and 
Pipeline

Flow Meter Flow rate too high Improper pump setting. Reduce recovery manifold flow rates as necessary. Inspect/repair system, reduce recovery flow rate as 
necessary.

Flow rate too low Improper pump setting, reduced formation permeability, 
obstructed well or equipment.

Increase pump rate. Inspect/repair system, reduce injection flow rate in adjacent 
manifolds as necessary.

Totalizing Flow Meter Daily total flow: Total in > total out Loss of hydraulic control. Reduce injection flow rate or increase recovery flow rate as 
necessary.

Follow Part II.G of UIC Permit and related reporting and 
record‐keeping requirements.

Recovery Well Head Flow Meter No flow Power loss, instrument failure. Alarm in control room, stop injection in adjoining injection 
wells.

Repair system before restarting injection.

Pressure Transducer
(in selected wells only)

Fluid level too high Improper pump setting, short circuit in adjacent injection 
wells.

Alarm in control room, adjust pump setting, inspect well, 
reduce injection in adjoining wells as necessary.

Inspect/repair recovery well and adjacent injection wells as 
necessary.

Fluid level too low Improper pump setting, clogged screen,  reduced formation 
permeability.

Alarm in control room, automatic shut‐off of pump. Evaluate formation, restart well at lower flow rate if 
necessary.

Observation Well Daily sample for TDS analysis TDS equal to or greater than injected 
fluid

Localized loss of hydraulic control Stop injection at the nearest injection well(s).  
Increase solution extraction from the recovery wells 
surrounding the injection wells that have been idled to increase 
or re‐establish the inward hydraulic gradient.
 Increase solution extraction from the 5‐spots adjacent to the 
idled wells.

Monitor water levels in the recovery, observation, and 
perimeter wells to confirm that the inward hydraulic 
gradient has been re‐established.  
Monitor water quality daily at the observation wells in 
which solution was detected.
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Component Monitoring Device  Condition Possible Cause* Response Follow‐up Action

Exhibit D‐2.  ISCR Facility Operations Plan (Monitoring and Response Requirements) 
July 2019 

Fluid level too high Recovery rate too high, or flow to SX/EW too low if in 
production mode, or flow to raffinate tank too low if in 
recirculation mode. 

Alarm in control room, automatic shut‐off of recovery and 
injection wells.

Inspect/repair injection system, adjust pumps to PLS pond 
and injection manifolds.

Raffinate/Lixiviant Pond Level Indicators Fluid level too high If in production mode, insufficient flow to  injection wells or  
insufficient raffinate bleed to water impoundment.   If in 
recirculation mode,  too much flow from PLS pond.

Alarm in control room, automatic shut‐off of pumps at raffinate 
tanks.

Inspect/repair injection system, adjust pump settings at 
raffinate pond.

Fluid level too low If in production mode, flow too high to injection manifolds or  
too much raffinate bleed to water impoundment.   If in 
recirculation mode, insufficient flow from PLS  pond.

Alarm in control room, automatic shut‐off of injection pumps. Inspect/repair injection/raffinate system, adjust pumps at 
raffinate  pond.

PLS Pond  Level Indicators Fluid level too high Recovery rate too high, or flow to SX/EW too low if in 
production mode, or flow to raffinate  pond too low if in  
recirculation mode. 

Alarm in control room, automatic shut‐off of recovery and 
injection wells.

Inspect/repair injection system, adjust pumps to PLS pond 
and injection manifolds.
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Fluid level too low Recovery rate too low or flow to SX/EW too high if in 
production mode, or flow to raffinate pond too high if in 
recirculation mode. 

Alarm in control room, automatic shut‐off of  injection wells. Inspect/repair injection/recovery system; inspect/repair 
lines to raffinate  pond.

Sumps Liquid Detectors Liquid present Precipitation or leak. Alarm in control room.  If not raining, arm immediate shut‐off 
of associated pumps.

Assess liquid; return liquid to plant or water impoundment; 
evaluate and repair pipeline if needed.
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Leak Collection and Removal 
System (LCRS)

Conductivity probe Presence of liquid in sump above 
pump‐down level

Leak in upper (primary) liner. Measure and record volume of liquid removed from LCRS 
sump, determine if ALR or RLL is exceeded.

If ALR or RLL is exceeded, follow APP contingency plan and 
related reporting and record‐keeping requirements.

Pressure Transducer Average daily head in recovery well  >  
average daily head in observation well

Loss of hydraulic control. Increase recovery flow rate or decrease injection flow rate as 
necessary.

Follow Part II.G of UIC Permit and related reporting and 
record‐keeping requirements.

Pressure Transducer Localized daily head in recovery well  > 
average daily head in observation well

Localized loss of hydraulic control. Stop injection at the nearest injection well(s).  
Increase solution extraction from the recovery wells 
surrounding the injection wells that have been idled to increase 
or re‐establish the inward hydraulic gradient.
 Increase solution extraction from the 5‐spots adjacent to the 
idled wells.

Monitor water levels in the recovery, observation, and 
perimeter wells to confirm that the inward hydraulic 
gradient has been re‐established.  
Monitor water quality daily at the observation wells in 
which solution was detected.

*Faulty monitoring devices will be evaluated as a possible cause of each listed condition.

Paired Recovery/Observation 
Wells
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Alarm in control room, automatic shut‐off of pumps at raffinate 
tanks.
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Alarm in control room, automatic shut‐off of injection pumps.

PLS Tanks

Recovery rate too low or flow to SX/EW too high if in 
production mode, or flow to raffinate pond too high if in 
recirculation mode. 

If in production mode, flow too high to injection manifolds or  
too much raffinate bleed to water impoundment.   If in 

i l ti d i ffi i t fl f PLS t k

Fluid level too low

Inspect/repair injection/recovery system; inspect/repair 
lines to raffinate tanks.

Level Indicators

Level Indicators

Inspect/repair injection/raffinate system, adjust pumps at 
raffinate tank.

Liquid accumulating in sump

Inspect/repair injection system, adjust pump settings at 
raffinate tank.

Inspect sump to confirm that accumulating liquids are being  
removed.

Alarm in control room, automatic shut‐off of  injection wells.

Alarm in control room; determine nature of liquid. Pump to 
PLS, raffinate  ponds, or neutralizing unit/water impoundment 
depending on volume and source of liquid.

If in production mode, insufficient flow to  injection wells or  
insufficient raffinate bleed to water impoundment.   If in 
recirculation mode,  too much flow from PLS tanks.

Precipitation, leak, spill, wash down.Sump

Raffinate/Lixiviant Tanks
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Liquid Level Indicator

Fluid level too low
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 TECHNICAL MEMORANDUM

To: Ian Ream, Dan Johnson 

Company: Florence Copper Inc. 

From: Brent Johnson, Erik Guldbech 

Date: May 31, 2019 

Subject: Florence ISCR Project – Process Fluids and Solids Chemistry Update 
 

 

Introduction 

 

Florence Copper Inc. (Florence Copper) has constructed a pilot-scale Production Test Facility (PTF) in 

Florence, Arizona as part of a planned in-situ copper recovery (ISCR) mining operation. The PTF and 

subsequent planned operations involves specific chemical, hydrogeological, and water management 

processes.   

 

As part of the planning and design of the PTF and planned site-scale operations, Florence Copper has 

requested HydroGeoLogica (HGL) work with Haley & Aldrich to update predictions of the chemistry 

of process fluids and solids during operations. This memorandum describes the results of the update 

which were developed using measured values from the field (e.g., groundwater), laboratory results, 

historical data, and modeling using Geochemists Workbench (GWB 12, Bethke, 2018).  Results 

represent an update of previous estimates chemistry predictions provided by DB Stephens, (2014), and 

SWS (2012). 

 

Solution and Solid Material Chemistry Descriptions 

 

Table 1 shows a chemistry summary of key mining solutions and one solid (treatment pond sediment) 

material.  In some cases, predicted solutions are identical to previous predictions.  In other cases, 

predictions have been updated to account for recent testing results and/or mine plan changes.  A 

description of each solution is provided below.  

 

Solution 1: Sulfuric Acid Composition 

Sulfuric acid solution designed for mineral leaching is commonly acquired through a distributor and 

is available in a wide range of concentrations. Florence Copper anticipates using a leach solution 
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comprising 99.5% water and 0.5% sulfuric acid for commercial mining. The estimated composition of 

Solution 1 in Table 1 is typical of a sulfuric acid solution provided by distributors which is then diluted 

with water for use on site (Asarco-Martin, 2018). 

 

Solution 2: Forecast Composition PLS 

The composition of pregnant leach solution (PLS) from in-situ copper recovery operations is 

characterized by high sulfate concentrations resulting from sulfuric acid present in raffinate. Florence 

Copper conducted a pressure rinse test (PRT) to estimate copper extraction kinetics, PLS grade, and 

acid consumption. The test apparatus consisted of seven, pressurized vessels (PRT #29 - #35) 

containing mineralized core.  Raffinate, and then rinse solutions, were introduced into PRT #29 and 

then flowed sequentially through the other PRTs until exiting the test at the base of PRT #35.  The 

leaching phase of testing extended 225 days and was following by a 340-day, three-phase rinsing 

cycle. The results of the PRT program represent an undiluted PLS solution. Considering groundwater 

will mix with PLS throughout operation, the forecast composition of recovered PLS (Solution 2, Table 

1) is expected to be a mixture of 90% PLS and 10% groundwater. 

 

Geochemical calculations relied on results from PRT #35 because it was the last section of core 

connected in series and thereby represented the most mature PLS. Florence Copper conducted daily 

metals analysis from solutions collected from each section of core during the PRT and the results were 

averaged and presented as weekly composites. Solution 2 represents the average concentrations of 

metals and some anions from these weekly composites (#1 - #24) during the leaching period, day 58-

225, to represent typical PLS. Average sulfate concentrations during the leaching phase were not 

available therefore the sulfate concentration on the first day of the rinse phase (before any dilution 

was observed) was used as a proxy. GWB was used to estimate pH by setting the solution in 

equilibrium with atmospheric CO2. Sample PW-2 (Turner Laboratories) was used to represent the 

expected composition of groundwater during commercial operations.   

 

Solution 3: Forecast Composition of Raffinate 

The solvent extraction (SX) process removes copper from PLS, leaving a barren acidic solution, or 

raffinate, available for re-use. The Florence Copper SX plant consists of four reverse-flow mixer-settlers 

and associated facilities. Reactions in an SX plant can vary significantly between facilities, resulting in 

some uncertainty in estimating an exact solution composition. Florence Copper anticipates using the 

organic reagent ACORGA M5774 or similar, to extract copper from PLS and estimates a 90% copper 

recovery rate. Testing by the manufacturer of ACORGA M5774, Cytec Solutions, indicates physical 

entrainment of specific impurities (Al, Si, Ca, Mg, Fe, Zn, and Mn) is 0.01% to 0.2%, depending on the 

impurity. Forecast composition of raffinate (Solution 3) reflects a 90% decrease in copper compared 

to PLS and a 0.01% - 0.2% decrease in the PLS metal impurities. 
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Solution 4: Forecast Composition of Solution Impoundment 

Any water that has no economic value and is not able to be directly discharged due to constituents 

elevated above Arizona Water Quality Standards is considered waste water.  Waste water will be 

directed to, and stored in, a lined impoundment, treated to maintain a circumneutral pH (at least 6.5) 

using lime (CaO), and evaporated. 

 

The solutions directed to the impoundment are expected to consist primarily of water extracted from 

the proposed well field with sulfate exceeding 500 mg/L and copper concentrations below commercial 

grade (0.2 mg/L). Solutions satisfying these criteria will be generated during the initial leaching and 

the rinsing phases of an ore block. Additionally, a small amount of raffinate bleed will be neutralized 

and diverted to the solution impoundment.  

 

A representative “waste water” quality was estimated by mixing the three streams of source water: 

rinse water (85%), background groundwater (10%), and raffinate bleed (5%).  The rinse water 

component was simulated by mixing representative water from each phase of the three-phase rinsing 

cycle under the assumption that, at any given time during commercial operations, there will be 

approximately a third of all rinse water extraction wells in each of the three phases of rinsing. During 

the leaching program, the three-phase block rising cycle consisted of 62 days of rinsing with fresh 

groundwater, 89 days of sodium bicarbonate rising, followed by another 27 days of groundwater 

rising. Commercial scale production anticipates three-phase rinse cycles extending 18 months (6 

months for each phase at ½ pore volume per month). Using results from PRT #35, a 30% groundwater 

rinse, 30% sodium bicarbonate rinse, 30% secondary groundwater rinse was mixed in GWB.  This 

mixture serves as a proxy for any pumped solution considered waste water. The 5% raffinate bleed 

(Solution 3) was added to simulate discharge from SX/EW plant operations. Finally, the resulting waste 

solution was titrated (in GWB) with 1.6 g/L of lime to pH 6.5 while allowing selected oxy-hydroxide 

oversaturated mineral phases to precipitate out of solution. Waste water, Solution 4 (Table 1) reports 

solution concentrations following the titration. The following mineral phases were allowed to 

precipitate during the simulation:  

 

• Aluminum hydroxides 

• Aluminum sulfates 

• Barite 

• Bronchantite 

• Calcite 

• Calcium phosphate 

• Cobalt hydroxide 

• Jarosite 
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• Copper hydroxides 

• Copper sulfate 

• Copper phosphate 

• Ferrihydrite 

• Gypsum 

• Lead hydroxides 

• Magnesium Hydroxide 

• Nickel Hydroxides 

• Zinc Hydroxides  

 

Solid 5: Forecast Composition of Solution Impoundment Sediment 

Solid 5 represents the predicted chemical composition of solids precipitated, by weight, during the 

simulated (GWB) titration of 1.6 g/L of lime. Concentrations of metals removed from solution by both 

adsorption and precipitation processes are included in sediment totals.  

 

Solution 6: Forecast Composition of Solution After Block Rinsing 

After copper concentrations decline below commercial grade within each leaching block, raffinate 

injections cease and the three-phase rinse cycle (total of 9 pore volumes) begins. In the PRT, nine 

pore volumes were eluted by day 497 (excluding a brief period of ferric sulfate injection to evaluate 

in-situ treatment options).  Results from day 497 represent solution composition of the ore block after 

completion of three phase block rinsing.  

 

Solution 7: Composition of Make-up Water 

Results from groundwater testing of PW-2 (Turner Laboratories) is the expected composition of make-

up water to be used on site. 
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Table 1 - Solutions and Solid Materials Chemistry Summary 

 

1 2 3 4 5 6 7

Arizona Water 

Quality Standard 

Composition of 

H2SO4

PLS Raffinate

Water Impoundment 

Solution with 1.6 g/L 

Lime Treatment

Water 

Impoundment 

Sediment After Lime 

Treatment

Groundwater After 

Block Rising
Makeup Water

mg/L mg/L mg/L mg/L mg/L % mg/L mg/L

Metals

Aluminum None na 2,356 2,332 0.006 6.36% < 0.2 <2.0

Antimony 0.006 0.05 - 0.15 0.45 0.44 0.45 < 0.01 % 0.0015 <0.2

Arsenic 0.05 0.1 -0.4 0.78 0.77 0.16 0.02% < 1.0 <0.0005

Barium 2 na 0.45 0.45 0.0046 < 0.01 % 0.0014 <0.05

Beryllium 0.004 na 0.0001 0.00005 na < 0.01 % na <0.002

Cadmium 0.005 na 0.45 0.45 0.19 < 0.01 % 0.0014 <0.002

Calcium None na 507 502 448 7.88% 160 61

Chromium 0.1 na 1.80 1.78 0.25 < 0.01 % 0.0015 <0.03

Cobalt None na 6.31 6.24 < 0.001 0.02% < 0.3 <0.1

Copper None 0.2 - 0.5 1,275 127.5 2.99 1.51% 0.15 0.044

Iron None 7 – 15 1,656 1,639.44 0.00003 4.07% 0.016 0.34

Lead 0.05 0.1 - 0.7 1.80 1.78 0.05 0.01% < 2 <0.02

Magnesium None na 1,799 1,781 346 0.03% 6.95 14

Manganese None 0.05 - 0.15 62 61 10.38 < 0.01 % 0.20 <0.02

Mercury 0.002 na 0.00008 0.00008 0.0001 < 0.01 % < 0.0001 <0.001

Nickel 0.1 0.07 - 0.20 3.60 3.57 0.62 < 0.01 % 0.0076 <0.05

Potassium None na 513 508 186 0.02% 15 6.2

Selenium 0.05 na 0.0020 0.0020 0.002 < 0.01 % na <0.04

Silver None na 0.45 0.45 0.08 < 0.01 % < 0.08 <0.1

Sodium None na 406 402 701 < 0.01 % 230 120

Thallium 0.002 na 0.45 0.45 1.01 < 0.01 % < 3 <0.05

Zinc None 0.05 - 0.75 26 26 4.10 < 0.01 % < 0.7 0.095

Anions

Bicarbonate None na < 0.0017 < 0.0017 1.40 < 0.01 % 120 160

Chloride None < 1 16 15.8 15.63 < 0.01 % 227 160

Flouride 4 na 0.025 0.025 0.025 < 0.01 % na <0.5

Nitrate None < 5 0.82 0.81 0.05 < 0.01 % na 1.9

Phosphate None na 269 267 0.96 0.45% < 5 <0.5

Sulfate None 1.77 x 106 30,954 30,644 6,981 79.55% 630 76

Sulfurous Acid None 2.0 - 15 na na na na na na

Field Parameters

TDS None na 39,527 33,383 5886 na 1,304 550

pH None na 1.73 1.64 7.02 na 6.22 7.2

Radiochemicals

Uranium None na 0.0013 0.0012 0.0013 < 0.01 % < 1 0.013
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1. Introduction 
 
 
Florence Copper Inc. (Florence Copper) is in the final stages of constructing a Production Test Facility 
(PTF) at the Florence Copper Project (FCP) in Florence, Arizona.  The purpose of the PTF is to 
demonstrate the feasibility of In-Situ Copper Recovery at the FCP site as a step toward commercial 
production at the site.  The PTF is being constructed and will be operated in accordance with the United 
States Environmental Protection Agency (EPA) Underground Injection Control (UIC) Permit No. R9UIC-
AZ3-FY11-1 (UIC Permit) and the Arizona Department of Environmental Quality (ADEQ) Temporary 
Aquifer Protection Permit (APP) No. P-106360.   
 
On 22 March 2018, Florence Copper submitted the “Notification of Intent and Scope of Planned 
Formation Testing for the PTF Area” (the “Plan”; Florence Copper, 2018), pursuant to requirements of 
the UIC Permit.  The Plan provided details to the EPA and ADEQ regarding the planned execution of 
formation testing required under Part II.A.2 of the UIC Permit and under Section 2.7.4.3 and Section 3.0 
of the APP.  Approval of the Plan was received from the EPA in a letter dated 3 May 2018, and via email 
from ADEQ on 9 May 2018 with clarification made via email communication. 
 
This document provides a summary of the results of formation testing described in the approved Plan.  
The testing included pump tests conducted at each of the outermost recovery wells, pump tests 
conducted in upper basin fill and lower basin fill wells, and a dye tracer test.  The testing results are 
presented below in the order that each test element was described in the Plan.  The locations of each of 
the wells tested and monitored during the test are shown on Figure 1. 
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2. Field Implementation 
 
 
2.1 PUMPING TESTS AT FOUR OUTERMOST RECOVERY WELLS 
 
The APP requires that Florence Copper conduct pumping tests on each of the four outer recovery wells 
R-01, R-03, R-05, and R-07.  In accordance with the Plan and input received from ADEQ, a step-rate test, 
constant-rate test, and recovery test were conducted at each of the wells.  In addition, 
spinner-flowmeter surveys were conducted during the constant-rate test at each well.   
 
The step-rate tests consisted of four steps sustained for a minimum of 30 minutes each followed by a 
constant-rate test that extended a minimum of 8 hours.  The constant-rate was conducted by extending 
the last step of the step-rate tests.  Pumping was stopped during the constant-rate tests once the 
drawdown at the downgradient monitoring well reached a stable drawdown rate.  
 
During testing activities, the pumping well and monitoring wells were monitored using dedicated 
pressure transducers equipped with data loggers.  Manual readings were also collected in the pumping 
and key observation wells during each test.  Discharge and totalizer measurements were recorded using 
a digital flowmeter with instantaneous flow rate display.  Discharge was adjusted as necessary to 
maintain a constant pumping rate using a ball valve located at the well head.  Manual depth to water 
measurements and totalizer readings were recorded on a standardized field form for each well in the 
monitoring group. 
 
Water levels in monitoring wells M54-LBF, M54-O, M55-UBF, M56-LBF, M57-O, M58-O, M59-O, M60-O, 
M61-LBF, MW-01-LBF, and MW-01-O (secondary monitoring wells) were monitored with dedicated 
transducers at a rate of one measurement per 5 minutes throughout the duration of each recovery well 
pumping and recovery test.  Hydrographs showing drawdown at each of the secondary monitoring wells 
during testing activities are included in Appendix A.  
 
Southwest Exploration LLC (SW Exploration) was contracted to conduct spinner flowmeter surveys 
during each constant-rate test.  The spinner flowmeter tool was installed in the wells prior to the 
installation of the test pump to allow tool access in the well screen interval.  
 
2.1.1 R-01 Pumping Test 
 
Haley & Aldrich, Inc. (Haley & Aldrich) personnel conducted the pumping test of recovery well R-01 
beginning on 24 May 2018.  During this test, the pumping well (R-01) and nearby wells O-07, O-01, and 
I-01 (primary monitoring wells) were monitored with dedicated transducers at a rate of one 
measurement per minute.   
 
The submersible pump used to conduct the test was installed on 23 May 2018 with the pump intake at 
approximately 305 feet below top of casing (btoc).  Prior to the start of pumping, depth to water 
measurements were taken in the pumping well and three primary monitoring wells and were recorded 
as follows: 
 

Well ID Depth to Water  
(feet btoc) Date/Time 

R-01 232.02 5/24/2018 07:27 
I-01 233.34 5/24/2018 07:29 
O-01 233.73 5/24/0218 07:34 

O-07 231.96 5/24/2018 07:27 



 

3 

 
The pump at R-01 was started on 24 May 2018 at 07:45.  The first pumping step was conducted at an 
average rate of 6 gallons per minute (gpm) for 31 minutes; step 2 was conducted at an average rate of 
11 gpm for 31 minutes; step 3 was conducted at an average rate of 19 gpm for 30 minutes; and, step 4 
extended into the constant rate test and was conducted at an average rate of 40 gpm for 483 minutes.  
After 103 minutes of pumping at the constant rate, SW Exploration conducted a spinner-flowmeter 
survey of R-01.  After 575 minutes of total pumping (including step-rate and constant-rate pumping), the 
pump was turned off and water level recovery monitoring commenced.  Pumping was discontinued at 
17:20. 
 
After pumping was discontinued, manual depth to water measurements were recorded for the pumping 
and primary monitoring wells periodically for approximately 90 minutes.  The aquifer was allowed to 
recover overnight before any further activities were conducted at the well.  Following overnight 
recovery, on 25 May 2018, depth to water measurements of the pumping well and three primary 
monitoring wells were recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-01 233.46 5/25/2018 07:01 

I-01 233.83 5/25/2018 08:55 

O-01 234.15 5/25/2018 09:47 

O-07 232.30 5/25/2018 09:43 
 
The drawdown values observed during the R-01 pumping test and the spinner flow meter profiling 
results are plotted on Figures 2 and 3, respectively. 
 
2.1.2 R-03 Pumping Test 
 
Haley & Aldrich personnel conducted the pumping test at recovery well R-03 beginning on 22 May 2018.  
During this test, the pumping well (R-03) and nearby wells O-02, O-03, and I-02 (primary monitoring 
wells) were monitored with dedicated transducers at a rate of one measurement per minute.   
 
The submersible pump used to conduct the test was installed on 21 May 2018 with the intake at 
approximately 305 feet btoc.  Prior to the start of pumping, depth to water measurements were taken in 
the pumping well and three primary monitoring wells and were recorded as follows: 
 

Well ID 
Depth to Water 

(feet btoc) 
Date/Time 

R-03 231.85 5/22/2018 07:43 

I-02 232.08 5/22/2018 07:35 

O-02 231.00 5/22/2018 07:37 

O-03 230.40 5/22/2018 07:30 
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The pump at R-03 was started on 22 May 2018 at 07:54.  The first pumping step was conducted at an 
average rate of 6 gpm for 32 minutes; step 2 was conducted at an average rate of 8 gpm for 31 minutes; 
step 3 was conducted at an average rate of 22 gpm for 31 minutes; and, step 4 extended into the 
constant-rate test and was conducted at an average rate of 41 gpm for 481 minutes.  After 
approximately 90 minutes of pumping at the constant-rate, SW Exploration conducted a spinner-
flowmeter survey of R-03.  After 575 minutes of total pumping (including step-rate and constant-rate 
pumping), the pump was turned off and water level recovery monitoring commenced.  Pumping was 
discontinued at 17:29. 
 
After pumping was discontinued, manual depth to water measurements were recorded for the pumping 
and primary monitoring wells periodically for approximately 90 minutes.  The aquifer was then allowed 
to recover overnight before any further activities were conducted at the pumping well.  On 23 May 
2018, depth to water measurements of the pumping well and three primary monitoring wells were 
recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-03 232.43 5/23/2018 07:13 

I-02 232.63 5/23/2018 07:32 

O-02 231.54 5/23/2018 07:36 

O-03 231.04 5/23/2018 07:28 
 
The drawdown values observed during the R-03 pumping test and the spinner flow meter profiling 
results are plotted on Figures 4 and 5, respectively. 
 
2.1.3 R-05 Pumping Test 
 
Haley & Aldrich personnel conducted the pumping test at recovery well R-05 beginning on 20 May 2018.  
During this test, the pumping well (R-05) and nearby wells O-04 and I-03 (primary monitoring wells) 
were monitored with dedicated transducers at a rate of one measurement per minute.   
 
The submersible pump used to conduct the test was installed on 19 May 2018 with the pump intake at 
approximately 305 feet btoc.  Prior to the start of pumping, depth to water measurements were taken in 
the pumping well and two primary monitoring wells and were recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-05 230.16 5/20/2018 07:35 

O-04 229.56 5/20/2018 07:30 

I-03 230.53 5/20/2018 07:25 
 
The pump at R-05 was started on 20 May 2018 at 07:40.  The first pumping step was conducted at an 
average rate of 5 gpm for 32 minutes; step 2 was conducted at an average rate of 11 gpm for 
32 minutes; step 3 was conducted at an average rate of 20 gpm for 33 minutes; and, step 4 extended 
into the constant-rate test and was conducted at an average rate of 42 gpm for 504 minutes.  After 
103 minutes of pumping at the constant rate, SW Exploration conducted a spinner-flowmeter survey of 
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R-05.  After 601 minutes of total pumping (including step-rate and constant-rate pumping), the pump 
was turned off and water level recovery monitoring commenced.  Pumping was discontinued at 17:41. 
 
After pumping was discontinued, manual depth to water measurements were recorded for the pumping 
and primary monitoring wells periodically for approximately 90 minutes.  The aquifer was then allowed 
to recover overnight before any further activities were conducted at the pumping well.  On 21 May 
2018, depth to water measurements at the pumping well and two primary monitoring wells were 
recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-05 230.60 5/21/2018 07:12 

O-04 230.01 5/21/2018 08:30 

I-03 231.18 5/21/2018 07:10 
 
The drawdown values observed during the R-05 pumping test and the spinner flow meter profiling 
results are plotted on Figures 6 and 7, respectively. 
 
2.1.4 R-07 Pumping Test 
 
Haley & Aldrich personnel conducted the pumping test at recovery well R-07 beginning 17 May 2018.  
During this test, the pumping well (R-07) and nearby wells O-05, O-06, and I-04 (primary monitoring 
wells) were monitored with dedicated transducers at a rate of one measurement per minute.   
 
The submersible pump used to conduct the test was installed on 16 May 2018 with the pump intake at 
approximately 493 feet btoc.  Prior to the start of pumping, depth to water measurements were taken in 
the pumping well and three primary monitoring wells and were recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-07 230.45 5/17/18 08:14 

O-05 230.24 5/17/18 06:45 

O-06 230.85 5/17/18 06:30 

I-04 230.45 5/17/18 06:35 
 
The pump at R-07 was started on 17 May 2018 at 08:16.  The first pumping step was conducted at an 
average rate of 5 gpm for 37 minutes; step 2 was conducted at an average rate of 10 gpm for 
59 minutes; step 3 was conducted at an average rate of 20 gpm for 40 minutes; and, step 4 extended 
into the constant-rate test and was conducted at an average rate of 39 gpm for 488 minutes.  After 
624 total pumping minutes, the pumping was terminated, and the recovery commenced.  Pumping was 
discontinued at 18:40. 
 
After pumping was terminated, manual depth to water measurements were recorded for the pumping 
and primary monitoring wells periodically for approximately 90 minutes.  The aquifer was then allowed 
to recover overnight before any further activities were conducted at the pumping well.  On 18 May 
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2018, depth to water measurements of the pumping well and three primary monitoring wells were 
recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

R-07 230.82 5/18/18 07:07 

O-05 230.10 5/18/18 07:40 

O-06 230.69 5/18/18 07:25 

I-04 230.27 5/18/18 07:35 
 
During the pumping test, the cable supporting the spinner-flowmeter tool became wrapped around the 
pump and consequently the tool could not be lowered to conduct the survey.  On 18 May 2018, the tool 
was freed from the pump after pumping had terminated.  The pump was re-installed to a depth of 
approximately 333 feet btoc and started pumping at 09:11, at a rate of approximately 40 gpm.  After 
approximately 89 minutes of pumping, SW Exploration conducted a spinner-flowmeter survey.  This test 
was in addition to the planned step- and constant-rate tests to collect the spinner-flowmeter data.  
 
The drawdown values observed during the R-07 pumping test and the spinner flow meter profiling 
results are plotted on Figures 8 and 9, respectively. 
 
2.2 FORMATION TESTING, UPPER BASIN FILL AND LOWER BASIN FILL UNITS 
 
2.2.1 M55-UBF Pumping Test 
 
On 14 May 2018, Haley & Aldrich personnel conducted a 3-hour, constant-rate pumping test of 
supplemental monitoring well M55-UBF.  The pumping well (M55-UBF) and nearby wells M56-LBF, O-06, 
and O-07 were monitored using pressure transducers over the duration of the pumping and recovery 
test period.  The transducers recorded data at a rate of one measurement per minute.  
 
The submersible pump used to conduct the test was installed on 14 May 2018 and the intake was set at 
approximately 253 feet btoc.  Prior to the start of pumping, depth to water measurements were taken in 
the pumping well and three monitoring wells and were recorded as follows:  
 

Well ID Depth to Water 
(feet btoc) Date/Time 

M55-UBF 229.38  5/14/18 12:50 

M56-LBF 230.66 5/14/18 13:00 

O-06 232.04 5/14/18 13:04 

O-07 232.09 5/14/18 13:08 
 
The pump at M55-UBF was started on 14 May 2018 at 13:28.  The initial rate of discharge was 33 gpm.  
By 13:35, the discharge rate was adjusted to approximately 20 gpm using a ball valve at the well head; 
this rate of 20 gpm was then held constant throughout the duration of the test.  Discharge was 
measured using an analog totalizer and calculated by timing the discharge over a period of 1 minute.  In 
addition to the transducer measurements, manual depth to water and drawdown measurements were 
recorded every 15 minutes on a constant-rate aquifer test data field form for M55-UBF.   
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The pumping test was terminated after 180 minutes of pumping.  The aquifer was then allowed to 
recover overnight.  On 15 May 2018, depth to water measurements of the pumping well and three 
monitoring wells were recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

M55-UBF 229.57 5/15/18 06:40 

M56-LBF 230.70 5/15/18 07:30 

O-06 231.67 5/15/18 12:39 

O-07 231.72 5/15/18 12:43 
 
The drawdown values observed during the M55-UBF pumping test are plotted on Figure 10. 
 
2.2.2 M56-LBF Pumping Test 
 
On 31 May 2018, Haley & Aldrich personnel conducted a 3-hour, constant-rate pumping test of 
supplemental monitoring well M56-LBF.  The pumping well (M56-LBF) and nearby wells M55-UBF, O-06, 
and O-07 were monitored using pressure transducers over the duration of the pumping test and 
recovery period.  The transducers recorded data at a rate of one measurement per minute. 
 
The submersible pump used to conduct the test was installed on 31 May 2018 with the intake set at 
approximately 312 feet btoc.  Prior to the start of pumping, depth to water measurements were taken in 
the pumping and four monitored wells and were recorded as follows: 
 

Well ID Depth to Water 
(feet btoc) Date/Time 

M56-LBF 229.21 5/31/18 11:38 

M55-UBF 226.54 5/31/18 11:15 

O-06 229.55 5/31/18 11:32 

O-07 229.63 5/31/18 11:21 
 
The pump at M56-LBF was started on 31 May 2018 at 11:56.  The discharge rate was set to 
approximately 15 gpm using a ball valve at the well head and held constant at this rate throughout the 
duration of the pumping test.  Discharge and totalizer measurements were recorded using a digital 
meter with instantaneous flow rate display.  In addition to the transducer measurements, manual depth 
to water and drawdown measurements were recorded every 15 minutes on a constant-rate aquifer test 
data field form for M56-LBF.   
 
Pumping was discontinued after 186 minutes and the aquifer was then allowed to recover overnight 
before any further activities were conducted at the pumping well.  On 01 June 2018, the depth to water 
measurement for M56-LBF was recorded as 229.07 feet btoc. 
 
The drawdown values observed during the M56-LBF pumping test are plotted on Figure 11. 
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2.3 TRACER TESTING 
 
In accordance with Part II.C.8 of the UIC Permit, Florence Copper conducted a tracer test to characterize 
the formation flow characteristics within the PTF well field.  During the tracer test, fluorescent dye was 
injected in each of the four injection wells (I-01, I-02, I-03, and I-04) while pumping was ongoing at the 
center recovery well (R-09) at the center of the PTF well field in an attempt to draw the tracer through 
the formation.  The outer recovery wells (R-01 through R-08) were incorporated and used as water level 
observation points, and the advancement of the tracer from the injection wells was monitored based on 
observed arrival and concentration observed at the Westbay® wells.  There are four Westbay 
multi-sampling level wells with five sampling zones in each well.  The Westbay wells are located 
between the center recovery well and the injection wells as shown on Figure 1.  
 
Prior to injection of the tracer compound, the center recovery well was started to establish the flow field 
between the injection wells and recovery well.  Groundwater was pumped from the center recovery 
well (R-09) and distributed by a manifold to the four injection wells (I-01, I-02, I-03, and I-04).  The pump 
intake in R-09 was set at approximately 500 feet below ground surface (bgs).  The four injection wells 
were equipped with straddle packer assemblies to constrain injection into an interval near the center of 
the screened interval.  The bottom packers were landed at approximately 890 feet bgs and the top 
packers were landed at approximately 656 feet bgs in the blank stainless sections of the well casing. 
 
Native groundwater was circulated for approximately 22 hours prior to introducing the tracer 
compound.  During this time, flow rate from the center recovery well and injection rates into the 
injection wells were adjusted and monitored to ensure the operating rates would be sustainable for the 
duration of the test.   
 
On 20 June 2018 at 12:31, dilute fluorescent dye was introduced to the system by pumping dye solution 
into the discharge line from the pumping well R-09, prior to the distribution manifold leading to the four 
injection wells.  The dilute dye solution was generated by mixing 4 pounds of powdered dye with 
55 gallons of fresh water in a mixing tank.  The 55-gallons of dye solution was injected over a period of 
22.5 hours using a peristaltic pump.  At the time of injection, the flow rate of R-09 was approximately 
80 gpm.  The concentration of fluorescent dye injected was measured at approximately 320 parts per 
billion (ppb) after a 9:1 dilution with fresh water (approximately 2,880 ppb actual) with a portable 
fluorescence meter calibrated for fluorescent dye.   
 
Once all of the tracer compound had been injected, Haley & Aldrich personnel began sampling of the 
four adjacent Westbay wells: WB-01, WB-02, WB-03, and WB-04.  Each Westbay well consists of five 
individual sampling zones that are sealed off by inflatable packers.  Zone 1 is approximately 1,127 feet 
bgs, Zone 2 is approximately 987 feet bgs, Zone 3 is approximately 847 feet bgs, Zone 4 is approximately 
706 feet bgs, and Zone 5 is approximately 566 feet bgs.  Groundwater samples of each zone were taken 
daily in the same order.  Groundwater samples collected from each zone were then measured for 
fluorescent dye concentration using a portable calibrated fluorescent meter.  It should be noted that not 
all zones functioned properly during the entirety of the test; therefore, not all zones were able to be 
sampled every day.  Background samples were also collected from functioning zones in each Westbay 
well and tested for fluorescence before any dye injection occurred.  After collection of each 
groundwater sample, the Westbay sampling equipment was decontaminated using a bleach solution 
and de-ionized water.   
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On 25 June 2018 at 14:22, the generator powering the pump at R-09 cut out and the pump was shut off.  
Pumping did not re-start until 17:37.  The pump was off for a total of 3 hours and 15 minutes.  The 
temporary shutoff of the recirculation is expected to have no significant impacts on the tracer transport 
behavior.  The tracer test was terminated when it was confirmed that fluorescent dye was detected in at 
least one sample zone in each Westbay well.  On 28 June 2018 at 15:32, the tracer re-circulation test 
was ended, and the pump was shut off. 
 
Key findings developed from the tracer test results are discussed below in Section 3.3. 
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3. Test Results  
 
 
The aquifer pumping results were analyzed using the program, AQTESOLV (http://www.aqtesolv.com/ 
and Duffield, 2007).  The pumping rate and observed drawdown data were analyzed using the Hantush-
Jacob, Moench, and Theis solutions to characterize the hydraulic properties of the tested aquifer zones.  
The drawdown at observation wells during extraction at the recovery wells was also evaluated to 
determine the influence of the pumping well.   
 
3.1 RESULTS OF PUMPING TESTS AT FOUR OUTERMOST RECOVERY WELLS  
 
Table 1 summarizes the testing conditions, key observations, and qualitative data interpretation.  The 
water elevation and drawdown trends for the outermost recovery wells, including R-01, R-03, R-05, and 
R-07, are plotted in Figures 2 through 5.  The spinner flow profiling results are plotted on Figures 6 
through 9.  The raw data for the spinner flow survey are provided in Appendix B.  The AQTESOLV results 
are summarized in Table 2; the full results, including curve fitting solutions, are provided in Appendix C.  
 
The key conclusions of the pumping tests conducted at four outermost recovery wells are:  

 The pumping rates at the pumping wells were similar (approximately 40 gpm); however, the 
maximum drawdowns observed at the pumping wells ranged from 9.5 feet to 30.4 feet, showing 
some local variability of hydraulic properties in the tested aquifer.  

 The spatial drawdown patterns of each of the pumping tests indicate that horizontal anisotropy 
is not significant in the tested aquifer, evidenced by similar drawdowns observed at the 
monitoring wells located at similar distances, but in different directions, from the pumping 
wells.   

 A pumping rate of 40 gpm at R-05 and R-07 can induce a significant drawdown (>4 feet) at 
MW-01-O, indicating a net excess pumping rate of 40 gpm during solution mining in the bedrock 
formation at the PTF can effectively control the movement of injected solution.  Based on the 
observed magnitude of drawdown at the downgradient operational monitoring well, it is likely 
the injected solution could be controlled at a lower net extraction rate.   

 The observed aquifer responses can be simulated using the analytical solution based on Darcy’s 
law, indicating that the equivalent porous medium assumption is appropriate for the tested 
aquifer.    

 The results of the quantitative analysis using AQTESOLV are consistent with aquifer parameters 
used in the groundwater flow model prepared in support of APP and UIC permit applications.  
The estimated average hydraulic conductivity for the tested aquifer is 0.54 feet per day (ft/d), 
which is consistent with the hydraulic conductivity value (0.57 ft/d) used for the more 
permeable oxide layers in the site-specific numerical groundwater flow model.1  The estimated 
specific storage is 5.2E-7 feet-1, which is about an order of magnitude less than the value 
(5E-6 feet-1 )used in the model.  The specific storage parameter only affects how fast the flow 
system approaches the steady-state flow conditions and does not have a significant impact on 
the size of the capture zone achievable by a pumping well at steady-state conditions. 

                                                           
1 Application for temporary individual Aquifer Protection Permit, Attachment 14A – Hydrologic study Part B, Groundwater flow model 
(Item 19.H) submitted by Curis Resources (Arizona) Inc.  

http://www.aqtesolv.com/
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 The spinner flow profiling results qualitatively show the variability of horizontal hydraulic 
conductivity at various depths, and that: 

– The lower screened interval is much less permeable than the middle and upper 
screened intervals; and  

– Low water yield intervals are present between 700 feet bgs and 1000 feet bgs.     
 
3.2 RESULTS OF PUMPING TESTS AT M55-UBF AND M56-LBF 
 
Table 1 summarizes the testing conditions, key observations, and qualitative data interpretation of wells 
M-55-UBF and M56-LBF.  Due to limitation of available drawdown (approximately 20 feet) at pumping 
well M55-UBF, the test could not produce observable drawdown at the observation wells.  The water 
elevation and drawdown trends for these two pumping tests are plotted in Figures 10 and 11.  The 
AQTESOLV results are provided in Table 2; the full results, including curve fitting, are provided in 
Appendix C.  The AQTESOLV results indicate that the horizontal hydraulic conductivity values of UBF and 
LBF units (12 ft/d and 2.1 ft/d, respectively) are lower than or near the lower-end values used in the 
model (20 ft/d and 1 ft/d, respectively).   
 
For the M56-LBF test, a total drawdown of 39.1 feet was achieved at the pumping well.  Based on the 
AQTESOLV analysis using the assumption that the LBF and upper oxide zone are an integrated aquifer, a 
vertical anisotropic ratio less than 0.1 may exist, suggesting that the vertical hydraulic conductivity 
between the LBF and upper oxide units is less than 0.5 ft/d.  The results indicate that the vertical 
hydraulic conductivity values used in the model may overestimate the hydraulic connection between 
the LBF and oxide units.         
 
3.3 TRACER TEST RESULTS 
 
The tracer breakthrough results are shown in Figures 12 through 16.  The water elevation trends for 
each of the wells with a transducer installed during the tracer test are plotted on Figure 17.  The tracer 
was injected only through the middle-screened interval (approximately 675 to 890 feet bgs) in each 
injection well.  The tracer observations at the Westbay wells are summarized below: 

 WB-01: The first tracer arrival was detected on 25 June 2018, at a concentration of 0.3 and 
200 ppb.  First breakthrough was detected in zones 1 and 2, and had been detected in each zone 
26 June 2018, approximately 6 days after injection began (Figure 12).      

 WB-02: The first tracer arrival was detected on 24 June 2018, at a concentration of 0.8 ppb.  
First breakthrough was detected in zone 1 and had been detected in each zone, except zones 1 
and 5 by 28 June 2018, approximately 8 days after injection began (Figure 13).  Zone 5, the 
deepest zone, did not detect a tracer concentration during the test period. 

 WB-03: The first tracer arrival was detected on 23 June 2018, at a concentration of 30 ppb.  First 
breakthrough was detected in zone 5 and had been detected in zones 1, 3, and 5 by 27 June 
2018, approximately 7 days after injection began (Figure 14).      

 WB-04: The first tracer arrival was detected on 22 June 2018, at a concentration of 50 and 
15 ppb.  First breakthrough was detected in zones 3 and 4, and had been detected in each zone 
by 28 June 2018, approximately 8 days after injection began (Figure 15). 
 

The breakthrough behavior at recovery well R-09 shows a gradual increase in tracer concentration.  The 
first breakthrough at R-09 occurred on 23 June 2018, at a concentration of 10 ppb.  Toward the end of 
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monitoring, the tracer concentration trend appeared to level off at a concentration of 30 ppb, indicating 
that the concentration was close to peak 7 days after initial tracer injection.  Based on the 70-foot 
distance between the injection wells and well R-09, the average tracer velocity between the injection 
wells to the recovery well is approximately 10 feet per day under test pumping conditions.   
 
In summary, the tracer test results have verified the following:  

 The recirculation between injection and recovery wells can control the flow direction of the 
injected fluid.  

 The tracer breakthrough occurred within the anticipated time frame (within 14 days) described 
in the Plan, which was developed based on the transport parameters used in the groundwater 
flow model.  Consequently, the tracer test confirms that the formation properties used in the 
groundwater flow model are representative of actual conditions observed in the PTF well field 
area. 
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4. Conclusion 
 
 
Florence Copper has completed pre-operational formation testing at the PTF at the FCP Site.  The 
pre-operational testing is prescribed in UIC Permit R9UIC-AZ3-FY11-1 and was conducted in consultation 
with ADEQ in order to satisfy additional requirements set forth in APP No. P-106360.  The 
pre-operational testing included pump tests completed at the four outermost recovery wells in the PTF 
well field, pump testing on one well completed in the upper basin fill unit, pump testing of one well 
completed in the lower basin fill unit, and a tracer test completed in the PTF well field. 
 
The testing was conducted for the purpose of examining assumptions used during the permitting 
process regarding hydraulic behavior of the formation as it relates to the ability to maintain hydraulic 
control and to meet Best Available Design Control Technology (BADCT) requirements. 
 
Results of the testing described in this document demonstrate that; 

1. The hydraulic properties used in the groundwater flow model are representative of actual 
hydraulic properties observed in the PTF well field. 

2. No strong horizontal anisotropy exists within the oxide formation in the PTF well field. 

3. The equivalent porous media assumption used in development of the groundwater flow model 
is appropriate. 

4. There is sufficient hydraulic connection between the PTF recovery wells, observation wells, 
supplemental monitoring wells, and point of compliance wells to demonstrate that a cone of 
depression has been created by the planned pumping. 

5. The cone of depression created by planned PTF pumping is sufficient to establish and maintain 
hydraulic control. 

 
These findings indicate that the PTF well field can establish and maintain hydraulic control of injected 
fluids and can achieve BADCT requirements set forth in APP No. P-106360. 
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TABLES 



TABLE 1
SUMMARY OF PUMPING TEST CONDITIONS AND OBSERVATIONS
FLORENCE COPPER INC.
FLORENCE, ARIZONA

Page 1 of 1

1 2 3 4

R‐01 5/24/2018 7:45 5/24/2018 17:20 6 11 19 40

Total drawdown at the pumping well: 14.3 feet. The decrease in the water head level related to each pumping step can be easily observed in the drawdown plot 
(Figure 2).  Three nearby wells were monitored for drawdown during the R‐01 pumping test (distance to the pumping well provided): O‐07 (71 ft), I‐01 (71 ft), and O‐
01 (71 ft). The average drawdown of these wells was approximately 6.4 feet, with well O‐01 observing the largest total drawdown of 6.7 feet. The drawdown trends 
for the observed wells displayed consistent drawdown levels throughout the extent of the test. The fact that the three observation wells located on the east, south, 
and west. The results support that no strong horizontal aquifer anisotropy near R‐01.    

R‐03 5/22/2018 7:54 5/22/2018 17:29 6 8 22 41

Total drawdown at the pumping well: 29.9 feet.  The decrease in the water head level related to each pumping step can be easily observed in the drawdown plot 
(Figure 3).  Three nearby wells were monitored for drawdown during the R‐03 pumping test (distance to the pumping well provided): O‐02 (71 ft), 
I‐02 (72 ft), O‐03 (80 ft). The average drawdown of wells O‐02 and I‐02 was approximately 8.0 feet, with well O‐03 observing the largest total drawdown of 8.6 feet. 
The drawdown trends displayed consistent drawdown levels throughout the extent of the test. The results indicate that there is  no strong horizontal aquifer 
anisotropy near R‐03.     

R‐05 5/20/2018 7:40 5/20/2018 17:41 5 11 20 42

Total drawdown at the pumping well: 30.4 feet. The decrease in the water head level related to each pumping step can be easily observed in the drawdown plot 
(Figure 4).  Four nearby wells were monitored for drawdown during the R‐05 pumping test (distance to the pumping well provided): O‐04 (70 ft), 
I‐03 (71 ft), M60‐O (129 ft), and MW‐01‐O (427 ft). The drawdown trends for the observed wells displayed consistent drawdown levels throughout the extent of the 
test. The average drawdown of wells O‐04 and I‐03 was approximately 7 feet, which is similar to the RO‐01 and RO‐03 pumping tests. The results support that no 
strong horizontal aquifer anisotropy exists near R‐05. The maximum drawdown observed at M‐01‐O was 4.7 feet, indicating that a 40 gpm pumping rate at the 
recovery well can significantly influence groundwater hydraulics in the oxide zone 400 feet away from the pumping well. The results indicate that a net excess 
pumping rate of 40 gpm during solution mining in the formation at the Proposed Test Facility can effectively control the movement of injected solution.           

R‐07 5/17/2018 8:16 5/17/2018 18:40 5 10 20 39
Total drawdown at the pumping well: 9.5 feet.  The decrease in the water head level related to each pumping step can be easily observed in the drawdown plot 
(Figure 5). Six nearby wells were monitored for drawdown during the R‐07 pumping test (distance to the pumping well provided): O‐06 (71 ft), 
I‐04 (71 ft), O‐05 (91 ft), M57‐O (209 ft), MW‐01‐O (244 ft), and M60‐O (233 ft). The average drawdown of wells O‐06 and I‐04 was approximately 5.9 feet, 

M55‐UBF 5/14/2018 13:28 5/14/2018 16:28

Total drawdown at the pumping well: 9.4 feet. A consistent pumping rate of approximately 20 gpm was maintained for the duration of the pump test. Nearly 
immediately after the start of pumping, a decrease in the water head level was observed, but maintained a fairly consistent drawdown depth of approximately 9 
feet. Three nearby wells were monitored for drawdown during the M55‐UBF pumping test (distance to the pumping well provided): 
M56‐LBF (32 ft), O‐06 (80 ft), and O‐07 (82 ft). A decrease in water level was not observed in nearby wells during the pumping period, indicating that the hydraulic 
connection between the UBF and LBF units is limited.  

M56‐LBF 5/31/2018 11:56 5/31/2018 15:02

Total drawdown at the pumping well: 39.1 feet. A consistent pumping rate of approximately 15 gpm was maintained for the duration of the pump test. Nearly 
immediately after the start of pumping, the decrease in the water  level was substantial, but maintained a fairly consistent drawdown depth of approximately 39 
feet. Three nearby wells were monitored for drawdown during the M56‐LBF pumping test (distance to the pumping well provided): 
M55‐UBF (32 ft), O‐06 (107 ft), and O‐07 (109 ft).  A decrease in water head level was not observed in nearby wells during the pumping period, indicating that the 
hydraulic connection between the LBF and the oxide units is restricted.  

Notes: 

gpm = gallons per minute

ft = feet

Observations
Pumping 
Well ID

15

20

Approximate Pumping Rate (gpm) 
StepDate/Time Start Date/Time Stop

Table 1_Summary of Pump Test Conditions and Observations.xlsx July 2018



TABLE 2
AQUIFER HYDRAULIC DATA OBTAINED FROM AQTESOLV ANALYSIS
FLORENCE COPPER INC
FLORENCE, ARIZONA

T (ft2/d) S 1/B (ft) Sw C P T (ft2/d) S 1/B (ft) Sw C P
O‐01 407 9.8E‐04 7.5E‐04 ‐3.6 0.13 1.75 O‐02 434 7.8E‐04 2.4E‐05 ‐0.2 0.34 1.63
O‐07 411 1.4E‐03 9.1E‐04 ‐3.5 0.13 1.75 O‐03 364 3.4E‐04 7.3E‐04 ‐1.5 0.34 1.63
I‐01 407 1.0E‐03 8.6E‐04 ‐3.6 0.13 1.75 I‐02 331 7.8E‐04 1.6E‐03 ‐1.5 0.34 1.63

T (ft2/d) S 1/B (ft) Sw C P T (ft2/d) S 1/B (ft) Sw C P
0‐04 522 7.8E‐04 2.7E‐04 2.3 0.13 1.50 O‐05 407 1.3E‐04 4.4E‐04 ‐5.2 0.087 1.64
I‐03 447 6.0E‐04 5.9E‐04 0.9 0.13 1.50 0‐06 544 5.0E‐04 2.4E‐05 ‐4.3 0.087 1.64

M60‐O 615 7.9E‐04 1.7E‐04 3.8 0.13 1.50 I‐04 522 7.5E‐04 1.9E‐04 ‐4.2 0.087 1.64
MW‐01‐O 426 1.0E‐04 4.0E‐04 ‐0.1 0.13 1.50 M60‐O 544 4.2E‐04 7.2E‐04 ‐4.3 0.087 1.64

M57‐O 482 1.1E‐04 3.8E‐04 ‐5.1 0.087 1.64
MW‐01‐O 453 6.5E‐05 2.4E‐05 ‐5.6 0.087 1.64

T (ft2/d) K (ft/d) S Ss (ft‐1) Sy 
M55‐UBF 483 12 1.2E‐03 2.3E‐05 0.1
M56‐LBF 107 2.1 3.2E‐03 6.4E‐05

Notes: 
1.  T = transmissivity, S = storage coefficient, 1/B = leaky factor, Sw = skin factor, C = nonlinear well loss coefficient; P = nonlinear well loss exponent; K = hydraulic conductivity;   

    Ss = specific storage ; ft= feet; ft/d = feet per day; ft 2 /day = square feet per day.  
2.  Aquifer thickness was (H) assumed to be 841 feet.  
3.  Geometric means of T and S using the results of R‐01, R‐03, R‐05, and R‐07 are 451.5 ft 2 /d and 4.34E‐4. 
4.  The average hydraulic conductivity (calculated using the ratio of the geometric mean of T to H) was estimated to be 0.54 ft/d.   
5.  The estimated specific storage (calculated using the ratio of the geometric mean of S to H) was 5.2E‐7 ft ‐1 .

R‐01 ‐ Pumping Well

R‐05 ‐ Pumping Well

Estimated Aquifer Parameters

Estimated Aquifer Parameters

R‐03 ‐ Pumping Well

R‐07 ‐ Pumping Well
Observation 

Wells

Observation 
Wells

Observation 
Wells

Observation 
Wells

UBF and LBF Pumping Wells
Pumping 
Wells

Key Estimated Aquifer Parameters

Estimated Aquifer Parameters

Estimated Aquifer Parameters

Table 2_Aquifer Hydraulic Parameters Obtained from AQTESOLV Analysis.xlsx July 2018
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FIGURE 2JULY 2018

R-01 PUMPING TEST 
HYDROGRAPHS AND DRAWDOWN TRENDS
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Minutes After R‐01 Pumping 

(b) Drawdown Trend Induced by R‐01 Pumping

R‐01
O‐07
O‐01
I‐01

NOTES

1. Transducer data are based on compensated values. Water elevation values are based on transducer data. 
2. The magnitude of barometric pressure fluctuation is very small in comparison with the magnitude of drawdown;

therefore, correction to the drawdown values is not needed.
3. The influence of R-03 pumping is shown between 5/22 and 5/23. 
4. The influence of R-01 pumping is shown between 5/24 and 5/25.
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FIGURE 3JULY 2018

R-01 SPINNER FLOW PROFILING 

NOTES

bls = below land surface 
Raw data are provided in Appendix B. 
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FIGURE 4JULY 2018

R-03 PUMPING TEST 
HYDROGRAPHS AND DRAWDOWN TRENDS
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NOTES
1. Transducer data are based on compensated values.  Water elevation values are based on the transducer data. 
2. The magnitude of barometric pressure fluctuation is very small in comparison with the magnitude of

drawdown; therefore, correction to the drawdown values is not needed.
3. The influence of R-05 pumping is shown between 5/20 and 5/21. 
4. The influence of R-03 pumping is shown between 5/22 and 5/23. 
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FIGURE 5JULY 2018

R-03 SPINNER FLOW PROFILING 

NOTES

bls = below land surface 
Raw data are provided in Appendix A. 



FLORENCE COPPER PROJECT
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FIGURE 6JULY 2018

R-05 PUMPING TEST 
HYDROGRAPHS AND DRAWDOWN TRENDS
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(b) Drawdown Trend Induced by R‐05 Pumping
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NOTES
1. Transducer data are based on compensated values. Water level elevation values are based on transducer data.
2. The magnitude of barometric pressure fluctuation is very small in comparison with the magnitude of drawdown;

therefore, correction to the drawdown values is not needed.
3. The influence of R-07 pumping is shown between 5/17 and 5/18. 
4. The influence of R-07 spinner flow profiling is shown between 5/18 and 5/19. 
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FIGURE 7JULY 2018

R-05 SPINNER FLOW PROFILING 

NOTES

bls = below land surface 
Raw data are provided in Appendix A. 
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FIGURE 8JULY 2018

R-07 PUMPING TEST
HYDROGRAPHS AND DRAWDOWN TRENDS
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(b) Drawdown Trend Induced by R‐07 Pumping
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NOTES
1. Transducer data are based on compensated values. Water elevation values are based on the transducer data.
2. The magnitude of barometric pressure fluctuation is very small in comparison with the magnitude of drawdown;

therefore, correction to the drawdown values is not needed.
3. The influence of R-07 pumping is shown between 5/17 and 5/18.
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FIGURE 9JULY 2018

R-07 SPINNER FLOW PROFILING

NOTES

bls = below land surface 
Raw data are provided in Appendix A. 
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FIGURE 10JULY 2018

M55-UBF PUMPING TEST 
HYDROGRAPHS AND DRAWDOWN TRENDS
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FIGURE 11JULY 2018

M56-LBF PUMPING TEST
HYDROGRAPHS AND DRAWDOWN TRENDS
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FIGURE 12JULY 2018

TRACER BREAKTHROUGH AT WB-01 

NOTES

ppb = parts per billion (or µg/L) 
bgs = below ground surface
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FIGURE 13JULY 2018

TRACER BREAKTHROUGH AT WB-02 

NOTES

ppb = parts per billion (or ug/L)
bgs = below ground surface
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FIGURE 14JULY 2018

TRACER BREAKTHROUGH AT WB-03 

NOTES

ppb = parts per billion (or ug/L)
bgs = below ground surface
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FIGURE 15JULY 2018

TRACER BREAKTHROUGH AT WB-04

NOTES

ppb = parts per billion (or ug/L) 
bgs = below ground surface
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FIGURE 16JULY 2018

TRACER BREAKTHROUGH AT R-09

NOTES

ppb = parts per billion (or µg/L) 
bgs = below ground surface
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TRACER TEST HYDROGRAPHS
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Monitoring Well Hydrographs 
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5-14-18
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A. OLSON

N/A

MSI SFM SPINNER

1180 FT.

3

5726

2

All interpretations of log data are opinions based on inferences from electrical or other measurements.  We do not guarantee
the accuracy or correctness of any interpretations or recommendations and shall not be liable or responsible for any loss,
costs, damages, or expenses incurred or sustained by anyone resulting from any interpretation made by any of our employees
or agents.  These interpretations are also subject to our general terms and conditions set out in our current Service Invoice.
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Speed 40 Down
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0 10000cps

Spinner Dn 80 (Up Flow)
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Depth
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Spinner Dn 40 (Up Flow)

0 10000cps
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Spinner Dn 60 (Up Flow)

0 10000cps
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0 10000cps
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0 100ft/min

MSI QL-40 Spinner Flowmeter (SFM) SN 5726

Probe Top = Depth Ref.

Single Conductor MSI Probe Top

Probe Length = 0.90 m or 2.95 ft

Probe Weight = 3.25 kg or 7.2 lbs

Operating Temperature: 80 Deg C (176 Deg F)

Presure Rating: 200 bar (2900 psi)

Two impeller cage sizes: 3" and 4"

Tool is run centeralized. Depending on well diamter, a 
weight bar may be added to the assembly.

Can be used in static wells or under pumping conditions.

Measures both upflow and downflow.

Minimum Flow Rate: 3-5 gpm

Maximum Flow Rate: 5000 gpm



1.57" or 40 mm Diameter (Cage dependent)

Preliminary

Company

Field
County

Well

State

Dynamic Spinner Summary

FLORENCE COPPER
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5-22-18

Tool Summary:

Calibration Check  

Run No.   

Truck No 

Time Logged                            

Tool Model     

Date 

From   

Run No.    

Calibration Check    

Tool Model    

Truck No

Tool Model 

Time Logged  

Caliper Arms Used:

E-Log Calibration Range:

Calibration Check

Truck No   

Tool SN    

Recorded By     
To   

Tool Model   

To 

Tool SN  

Recorded By  

Date    

Operation Check   
Truck No    

From 

Recorded By 

Calibration Check   

Time Logged    

Operation Check 

Tool SN     

Recorded By    

Tool SN   

From

Recorded By

From  

From     

Date     

Calibration Points: 

From    
To    

Truck No     
Recorded By   

Tool Model

To

Run No.  

To  

Additional Comments:

Calibration Check     

Tool SN

Run No. 
Tool Model  

Operation Check    

Tool SN 

Operation Check

Time Logged      

Time Logged   

To     

Operation Check     

Operation Check  

Disclaimer:

Date
Run No.

Date  

Date   

Time Logged     
Calibration Check 

Truck No  

Calibration Points:

Run No.      64

200

N/A

N/A

5-14-18
11:00 A.M.

5-14-18

480 FT.

A. OLSON

N/A

MSI SFM SPINNER

1180 FT.

3

5726

2

All interpretations of log data are opinions based on inferences from electrical or other measurements.  We do not guarantee
the accuracy or correctness of any interpretations or recommendations and shall not be liable or responsible for any loss,
costs, damages, or expenses incurred or sustained by anyone resulting from any interpretation made by any of our employees
or agents.  These interpretations are also subject to our general terms and conditions set out in our current Service Invoice.

5-22-18
1

N/A

5



Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min

Speed 60 Down

0 100ft/min

Spinner Dn 60 (Up Flow)

0 10000cps

Spinner Dn 80 (Up Flow)

0 10000cps

Speed 80 Down

0 100ft/min
450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0



1000.0

1050.0

1100.0

1150.0

Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min
Speed 60 Down

0 100ft/min

Spinner Dn 60 (Up Flow)

0 10000cps
Spinner Dn 80 (Up Flow)

0 10000cps

Speed 80 Down

0 100ft/min

MSI QL-40 Spinner Flowmeter (SFM) SN 5726

Probe Top = Depth Ref.

Single Conductor MSI Probe Top

Probe Length = 0.90 m or 2.95 ft

Probe Weight = 3.25 kg or 7.2 lbs

Operating Temperature: 80 Deg C (176 Deg F)

Presure Rating: 200 bar (2900 psi)

Two impeller cage sizes: 3" and 4"

Tool is run centeralized. Depending on well diamter, a 
weight bar may be added to the assembly.

Can be used in static wells or under pumping conditions.

Measures both upflow and downflow.

Minimum Flow Rate: 3-5 gpm

Maximum Flow Rate: 5000 gpm



1.57" or 40 mm Diameter (Cage dependent)

Preliminary

Company

Field
County

Well

State

Dynamic Spinner Summary

FLORENCE COPPER

FLORENCE COPPER
PINAL
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5-20-18

Tool Summary:

Calibration Check  

Run No.   

Truck No 

Time Logged                            

Tool Model     

Date 

From   

Run No.    

Calibration Check    

Tool Model    

Truck No

Tool Model 

Time Logged  

Caliper Arms Used:

E-Log Calibration Range:

Calibration Check

Truck No   

Tool SN    

Recorded By     
To   

Tool Model   

To 

Tool SN  

Recorded By  

Date    

Operation Check   
Truck No    

From 

Recorded By 

Calibration Check   

Time Logged    

Operation Check 

Tool SN     

Recorded By    

Tool SN   

From

Recorded By

From  

From     

Date     

Calibration Points: 

From    
To    

Truck No     
Recorded By   

Tool Model

To

Run No.  

To  

Additional Comments:

Calibration Check     

Tool SN

Run No. 
Tool Model  

Operation Check    

Tool SN 

Operation Check

Time Logged      

Time Logged   

To     

Operation Check     

Operation Check  

Disclaimer:

Date
Run No.

Date  

Date   

Time Logged     
Calibration Check 

Truck No  

Calibration Points:

Run No.      64

200

N/A

N/A

5-14-18
11:00 A.M.

5-14-18

480 FT.

A. OLSON

N/A

MSI SFM SPINNER

1180 FT.

3

5726

2

All interpretations of log data are opinions based on inferences from electrical or other measurements.  We do not guarantee
the accuracy or correctness of any interpretations or recommendations and shall not be liable or responsible for any loss,
costs, damages, or expenses incurred or sustained by anyone resulting from any interpretation made by any of our employees
or agents.  These interpretations are also subject to our general terms and conditions set out in our current Service Invoice.

5-20-18
1

N/A

5



Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min

Speed 60 Down

0 100ft/min

Spinner Dn 60 (Up Flow)

0 10000cps

Speed 80 Down

0 100ft/min

Spinner Dn 80 (Up Flow)

0 10000cps

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0



1000.0

1050.0

1100.0

1150.0

Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min
Speed 60 Down

0 100ft/min

Spinner Dn 60 (Up Flow)

0 10000cps
Speed 80 Down

0 100ft/min

Spinner Dn 80 (Up Flow)

0 10000cps

MSI QL-40 Spinner Flowmeter (SFM) SN 5726

Probe Top = Depth Ref.

Single Conductor MSI Probe Top

Probe Length = 0.90 m or 2.95 ft

Probe Weight = 3.25 kg or 7.2 lbs

Operating Temperature: 80 Deg C (176 Deg F)

Presure Rating: 200 bar (2900 psi)

Two impeller cage sizes: 3" and 4"

Tool is run centeralized. Depending on well diamter, a 
weight bar may be added to the assembly.

Can be used in static wells or under pumping conditions.

Measures both upflow and downflow.

Minimum Flow Rate: 3-5 gpm

Maximum Flow Rate: 5000 gpm



1.57" or 40 mm Diameter (Cage dependent)

Preliminary

Company

Field
County

Well

State

Dynamic Spinner Summary

FLORENCE COPPER

FLORENCE COPPER
PINAL
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5-18-18

Tool Summary:

Calibration Check  

Run No.   

Truck No 

Time Logged                            

Tool Model     

Date 

From   

Run No.    

Calibration Check    

Tool Model    

Truck No

Tool Model 

Time Logged  

Caliper Arms Used:

E-Log Calibration Range:

Calibration Check

Truck No   

Tool SN    

Recorded By     
To   

Tool Model   

To 

Tool SN  

Recorded By  

Date    

Operation Check   
Truck No    

From 

Recorded By 

Calibration Check   

Time Logged    

Operation Check 

Tool SN     

Recorded By    

Tool SN   

From

Recorded By

From  

From     

Date     

Calibration Points: 

From    
To    

Truck No     
Recorded By   

Tool Model

To

Run No.  

To  

Additional Comments:

Calibration Check     

Tool SN

Run No. 
Tool Model  

Operation Check    

Tool SN 

Operation Check

Time Logged      

Time Logged   

To     

Operation Check     

Operation Check  

Disclaimer:

Date
Run No.

Date  

Date   

Time Logged     
Calibration Check 

Truck No  

Calibration Points:

Run No.      64

200

N/A

N/A

5-14-18
10:30 A.M.

5-14-18

480 FT.

A. OLSON

N/A

MSI SFM SPINNER

1180 FT.

3

5726

2

All interpretations of log data are opinions based on inferences from electrical or other measurements.  We do not guarantee
the accuracy or correctness of any interpretations or recommendations and shall not be liable or responsible for any loss,
costs, damages, or expenses incurred or sustained by anyone resulting from any interpretation made by any of our employees
or agents.  These interpretations are also subject to our general terms and conditions set out in our current Service Invoice.

5-18-18
1

N/A

5



Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min

Spinner Dn 60 (Up Flow)

0 10000cps

Speed 60 Down

0 100ft/min

Spinner Dn 80 (Up Flow)

0 10000cps

Speed 80 Down

0 100ft/min

500.0

550.0
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650.0

700.0

750.0

800.0

850.0

900.0

950.0

1000.0



1050.0

1100.0

1150.0

Depth

1in:50ft

Spinner Dn 40 (Up Flow)

0 10000cps

Speed 40 Down

0 100ft/min
Spinner Dn 60 (Up Flow)

0 10000cps

Speed 60 Down

0 100ft/min
Spinner Dn 80 (Up Flow)

0 10000cps

Speed 80 Down

0 100ft/min

MSI QL-40 Spinner Flowmeter (SFM) SN 5726

Probe Top = Depth Ref.

Single Conductor MSI Probe Top

Probe Length = 0.90 m or 2.95 ft

Probe Weight = 3.25 kg or 7.2 lbs

Operating Temperature: 80 Deg C (176 Deg F)

Presure Rating: 200 bar (2900 psi)

Two impeller cage sizes: 3" and 4"

Tool is run centeralized. Depending on well diamter, a 
weight bar may be added to the assembly.

Can be used in static wells or under pumping conditions.

Measures both upflow and downflow.

Minimum Flow Rate: 3-5 gpm

Maximum Flow Rate: 5000 gpm



1.57" or 40 mm Diameter (Cage dependent)

Preliminary

Company

Field
County

Well

State

Dynamic Spinner Summary

FLORENCE COPPER

FLORENCE COPPER
PINAL

R-07

ARIZONA
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AQTESOLV Results 
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WELL TEST ANALYSIS

Data Set:  C:\...\R-01_O-01_draft.aqt
Date:  07/23/18 Time:  04:15:36

AQUIFER DATA

Saturated Thickness:  841. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-01 847692.93 746271.15

Observation Wells
Well Name X (ft) Y (ft)

R-01 847692.93 746271.15
O-01 847692.93 746200.45

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 406.5 ft2/day S  = 0.0009847
1/B = 0.0007515 ft-1 Sw = -3.648
C  = 0.1318 min2/ft5 P  = 1.747

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.2973Q + 0.1318Q1.747

W.E. = 311.2% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\...\R-01_O-07_draft.aqt
Date:  07/23/18 Time:  04:20:21

AQUIFER DATA

Saturated Thickness:  841. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-01 847692.93 746271.15

Observation Wells
Well Name X (ft) Y (ft)

R-01 847692.93 746271.15
O-07 847623.88 746270.61

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 410.9 ft2/day S  = 0.001363
1/B = 0.0009071 ft-1 Sw = -3.498
C  = 0.1318 min2/ft5 P  = 1.747

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.2907Q + 0.1318Q1.747

W.E. = 298.9% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\...\R-01_I-01_draft.aqt
Date:  07/22/18 Time:  00:31:26

AQUIFER DATA

Saturated Thickness:  841. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-01 847692.93 746271.15

Observation Wells
Well Name X (ft) Y (ft)

R-01 847692.93 746271.15
I-01 847692.93 746200.45

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 407.1 ft2/day S  = 0.001101
1/B = 0.0008649 ft-1 Sw = -3.598
C  = 0.1318 min2/ft5 P  = 1.747

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.2939Q + 0.1318Q1.747

W.E. = 308.% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-03\R-03_O-02_draft.aqt
Date:  06/06/18 Time:  17:22:44

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-03 847834.33 746129.75

Observation Wells
Well Name X (ft) Y (ft)

R-03 847834.33 746129.75
O-02 847834.34 746200.46

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 433.9 ft2/day S  = 0.0007787
1/B = 2.381E-5 ft-1 Sw = -0.1943
C  = 0.3359 min2/ft5 P  = 1.634

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 2.579Q + 0.3359Q1.634

W.E. = 75.33% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-03\R-03_O-03_draft.aqt
Date:  06/06/18 Time:  17:22:47

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-03 847834.33 746129.75

Observation Wells
Well Name X (ft) Y (ft)

R-03 847834.33 746129.75
O-03 847831.43 746053.02

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 363.5 ft2/day S  = 0.0003426
1/B = 0.0007316 ft-1 Sw = -1.494
C  = 0.3359 min2/ft5 P  = 1.634

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 2.327Q + 0.3359Q1.634

W.E. = 98.82% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-03\R-03_I-02_draft.aqt
Date:  06/06/18 Time:  17:22:38

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-03 847834.33 746129.75

Observation Wells
Well Name X (ft) Y (ft)

R-03 847834.33 746129.75
I-02 847763.63 746129.75

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 330.9 ft2/day S  = 0.0007787
1/B = 0.001638 ft-1 Sw = -1.494
C  = 0.3359 min2/ft5 P  = 1.634

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 2.181Q + 0.3359Q1.634

W.E. = 101.7% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-05\R-05_O-04_draft.aqt
Date:  06/06/18 Time:  12:50:09

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-05 847692.91 745988.33

Observation Wells
Well Name X (ft) Y (ft)

R-05 847692.91 745988.33
O-04 847622.22 745987.44

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 522.4 ft2/day S  = 0.0007787
1/B = 0.0002693 ft-1 Sw = 2.338
C  = 0.1307 min2/ft5 P  = 1.5

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 3.538Q + 0.1307Q1.5

W.E. = 65.26% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-05\R-05_I-03_draft.aqt
Date:  06/06/18 Time:  12:50:43

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-05 847692.91 745988.33

Observation Wells
Well Name X (ft) Y (ft)

R-05 847692.91 745988.33
I-03 847692.92 746059.04

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 446.7 ft2/day S  = 0.0005967
1/B = 0.0005854 ft-1 Sw = 0.9383
C  = 0.1307 min2/ft5 P  = 1.5

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 3.3Q + 0.1307Q1.5

W.E. = 78.04% (Q from last step)



0. 200. 400. 600. 800. 1000. 1.2E+3 1.4E+3
0.

10.

20.

30.

40.

Time (min)

D
is

pl
ac

em
en

t (
ft)

WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-05\R-05_M60-O_draft.aqt
Date:  06/06/18 Time:  12:50:05

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-05 847692.91 745988.33

Observation Wells
Well Name X (ft) Y (ft)

M60-O 847599 745904
R-05 847692.91 745988.33

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 614.8 ft2/day S  = 0.0007947
1/B = 0.0001664 ft-1 Sw = 3.838
C  = 0.1307 min2/ft5 P  = 1.5

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = -0.3115Q + 0.1307Q1.5

W.E. = -1.188E+7% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\...\R-05_MW-01-O_draft.aqt
Date:  06/06/18 Time:  12:50:07

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-05 847692.91 745988.33

Observation Wells
Well Name X (ft) Y (ft)

MW-01-O 847846.92 746356.72
R-05 847692.91 745988.33

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 425.9 ft2/day S  = 0.0001016
1/B = 0.0003962 ft-1 Sw = -0.06169
C  = 0.1307 min2/ft5 P  = 1.5

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = -0.2762Q + 0.1307Q1.5

W.E. = -687.6% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07_O-05_draft.aqt
Date:  06/06/18 Time:  10:44:23

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
O-05 847692.91 745988.33

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 407.1 ft2/day S  = 0.0001307
1/B = 0.000438 ft-1 Sw = -5.363
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = -0.1975Q + 0.087Q1.639

W.E. = 5474.% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07 _O-06_draft.aqt
Date:  06/06/18 Time:  10:44:04

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
O-06 847551.52 746200.44

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 544.3 ft2/day S  = 0.0005
1/B = 2.381E-5 ft-1 Sw = -4.315
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.1263Q + 0.087Q1.639

W.E. = 517.7% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07_I-04_draft.aqt
Date:  06/06/18 Time:  10:44:13

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
I-04 847622.23 746129.75

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 522.5 ft2/day S  = 0.0007522
1/B = 0.0001888 ft-1 Sw = -4.215
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.06785Q + 0.087Q1.639

W.E. = 604.9% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07_M57-O_draft.aqt
Date:  06/06/18 Time:  10:44:16

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
M57-O 847378 746249

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 482.1 ft2/day S  = 0.0001123
1/B = 0.0003795 ft-1 Sw = -5.126
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.0575Q + 0.087Q1.639

W.E. = 813.7% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07_M60-O_draft.aqt
Date:  06/06/18 Time:  10:44:18

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
M60-O 847599 745904

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 543.9 ft2/day S  = 0.000423
1/B = 0.0007201 ft-1 Sw = -4.315
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.1677Q + 0.087Q1.639

W.E. = 476.5% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\Users\cgardner\Documents\Florence Copper Project\AQTESOLV\R-07_MW-01-O_draft.aqt
Date:  06/06/18 Time:  10:44:20

AQUIFER DATA

Saturated Thickness:  824. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
R-07 847551.51 746129.73

Observation Wells
Well Name X (ft) Y (ft)

R-07 847551.51 746129.73
MW-01-O 847846.92 746356.72

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 452.6 ft2/day S  = 6.508E-5
1/B = 2.381E-5 ft-1 Sw = -5.565
C  = 0.087 min2/ft5 P  = 1.639

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = -0.06722Q + 0.087Q1.639

W.E. = 1512.7% (Q from last step)
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WELL TEST ANALYSIS

Data Set:  C:\...\M55-UBF_single well_draft.aqt
Date:  07/23/18 Time:  08:51:03

AQUIFER DATA

Saturated Thickness:  39. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
M55-UBF 847541 746281

Observation Wells
Well Name X (ft) Y (ft)

M55-UBF 847541 746281

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Moench

T  = 482.5 ft2/day S  = 0.001161
Sy  = 0.13 ß  = 0.0001273
Sw  = 0. r(w)  = 0.44 ft
r(c)  = 0.21 ft alpha = 1.0E+30 min-1
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WELL TEST ANALYSIS

Data Set:  C:\...\M56-LBF_single well_draft.aqt
Date:  07/23/18 Time:  08:51:21

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
M56-LBF 0 0

Observation Wells
Well Name X (ft) Y (ft)

M56-LBF 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 107.2 ft2/day S  = 0.003208
Kz/Kr = 1. b  = 50. ft
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WELL TEST ANALYSIS

Data Set:  C:\...\M56-LBF_single well_draft_jc.aqt
Date:  07/23/18 Time:  09:27:25

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
M56-LBF 0 0

Observation Wells
Well Name X (ft) Y (ft)

M56-LBF 0 0
O-06 109 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 264. ft2/day S  = 0.003208
Kz/Kr = 0.1 b  = 100. ft



 

 

EXHIBIT D-5 
 

Memorandum: Summary of Bulk Conductivity Monitoring Results,  
First Quarter 2019, Production Test Facility  

(prepared by Haley & Aldrich, Inc.) 
 

  



 

 

HALEY & ALDRICH, INC. 
One Arizona Center 
400 E. Van Buren St., Suite 545 
Phoenix, AZ  85004 
602.760.2450 
 

 www.haleyaldrich.com 

MEMORANDUM 
 
 
26 April 2019 
File No. 132473-003 
 
 
TO:  Florence Copper Inc. 
  Mr. Dan Johnson V.P., General Manager 
 
C:  Florence Copper Inc. 
  Mr. Ian Ream, Senior Hydrogeologist 
 
FROM:  Haley & Aldrich, Inc. 
  Mark Nicholls, R.G. 
 
SUBJECT: Summary of Bulk Conductivity Monitoring Results, First Quarter 2019 

Production Test Facility 
Florence Copper, Florence, Arizona 

 
Haley & Aldrich, Inc. (Haley & Aldrich) has conducted statistical analysis of bulk electrical conductivity 
data collected by HydroGeophysics, Inc. at the Production Test Facility (PTF) located in Florence, 
Arizona, in accordance with Temporary Aquifer Protection Permit (APP) No. 106360 and the 
Underground Injection Control (UIC) Permit No R9UIC-AZ3-FR11-1.  The procedures used to complete 
the analysis were described in the document titled Procedures for Determining Bulk Electrical 
Conductivity Alert Levels (Haley & Aldrich, 2018)1.  The alert levels (ALs) for bulk electrical conductivity 
were approved in the letter issued by the U.S. Environmental Protection Agency dated 14 December 
2018 and were adopted into the APP issued by the Arizona Department of Environmental Quality on 
5 December 2018. 
 
Alert Levels 
 
To ensure that In-Situ Copper Recovery fluids do not enter the lower basin-fill unit from the bedrock 
oxide unit, the three upper horizons (1 through 3) are monitored.  The following ALs were established 
for these horizons:  
 

Electrode Pair Horizon Proposed Alert Level 
(ohm-meters) 

Horizon 1 9.93 
Horizon 2 10.12 
Horizon 3 10.33 

                                                           
1 Haley & Aldrich, Inc., 2018.  Procedures for Determining Bulk Electrical Conductivity Alert Levels, Production Test 
Facility, Florence Copper Project.  August. 
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The ALs represent minimum values, if the measured apparent resistivity in one of these horizons is lower 
than the established AL on three adjacent or intersecting current paths, this constitutes an exceedance. 
 
First Quarter 2019 Monitoring Results 
 
First quarter (Q1) 2019 includes 13 weekly monitoring events for bulk electrical conductivity between 
3 January and 28 March.  No AL exceedances occurred during the monitoring period.  
 
One current path in the uppermost horizon yielded a conductivity value that was below the AL for one 
monitoring event.  The value could not be reproduced during subsequent monitoring and is therefore 
attributed to instrument drift or electronic noise, and is considered to be an outlier.  The low value 
occurred in Horizon 1, 40 feet above the lower basin fill unit/oxide contact, on 6 March 2019, between 
sending well O-05 and receiving well O-06.  The recorded exceedance value was 9.91 ohm-meters (Ω-m). 
This value is 0.02 Ω-m below the established 9.93 Ω-m alert level.  Linear contour maps for the 
monitoring period detail these results (Figures 1 through 13).   
 
Data Summary 
 
Tables 1 through 3 list the apparent resistivity results over this monitoring period for Horizons 1 
through 3, respectively. 
 
Relative to the baseline dataset, one outlier was detected on these monitoring dates (defined as values 
over 4 times the interquartile range outside the range around the data median).  However, the grouped 
data from each horizon fall within the range of the baseline dataset (Attachment A).  
 
Attachment B shows the data from each horizon over time, during the baseline period, and monitoring 
both before and after the PTF became operational.  The data collected during Q1 is within the 
established tolerance limits. 
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Enclosures: 

 Table 1 – Bulk Electrical Conductivity Monitoring Results, Horizon 1 (40 Feet Above LBFU/Oxide 
Contact 

 Table 2 – Bulk Electrical Conductivity Monitoring Results, Horizon 2 (20 Feet Above LBFU/Oxide 
Contact 

 Table 3 – Bulk Electrical Conductivity Monitoring Results, Horizon 3 (at LBFU/Oxide Contact) 
 Figure 1 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 01/03/2019, Production Test 

Facility 
 Figure 2 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 01/11/2019, Production Test 

Facility 
 Figure 3 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 01/17/2019, Production Test 

Facility 
Figure 4 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 01/24/2019, Production Test 
Facility 
Figure 5 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 01/31/2019, Production Test 
Facility 

 Figure 6 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 02/08/2019, Production Test 
Facility 
Figure 7 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 02/14/2019, Production Test 
Facility 
Figure 8 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 02/21/2019, Production Test 
Facility 
Figure 9 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 02/28/2019, Production Test 
Facility 
Figure 10 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 03/06/2019, Production 
Test Facility 
Figure 11 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 03/14/2019, Production 
Test Facility 
Figure 12 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 03/21/2019, Production 
Test Facility 
Figure 13 – Baseline Apparent Resistivity of Electrode Pairs by Horizon – 03/28/2019, Production 
Test Facility 

 Attachment A – Box Diagrams for First Quarter Monitoring Data 
 Attachment B – Summary Plot of Bulk Electrical Conductivity  
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TABLES 
  



TABLE 1
BULK ELECTRICAL CONDUCTIVITY MONITORING RESULTS
HORIZON 1 (40 FEET ABOVE LBFU/OXIDE CONTACT)
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

1/3/2019 1/11/2019 1/17/2019 1/24/2019 1/31/2019 2/8/2019 2/14/2019 2/21/2019 2/28/2019 3/6/2019 3/14/2019 3/21/2019 3/28/2019
B‐01‐BC‐01 B‐02‐BC‐01 O‐01 O‐02 13.02 12.89 12.92 12.93 12.93 12.91 12.89 12.92 12.85 12.85 12.83 12.85 12.87
B‐01‐BC‐01 B‐03‐BC1‐02 O‐01 O‐03 11.72 11.45 11.45 11.58 11.58 11.45 11.44 11.47 11.39 11.34 11.37 11.37 11.40
B‐01‐BC‐01 B‐04‐BC‐01 O‐01 O‐04 13.85 13.53 13.49 13.83 13.83 13.52 13.52 13.54 13.42 13.34 13.41 13.44 13.45
B‐01‐BC‐01 B‐05‐BC‐01 O‐01 O‐05 12.75 12.46 12.44 12.52 12.52 12.43 12.45 12.46 12.37 12.23 12.33 12.38 12.39
B‐01‐BC‐01 B‐06‐BC‐01 O‐01 O‐06 12.16 11.93 11.92 11.90 11.90 11.93 11.93 11.92 11.87 11.78 11.81 11.86 11.87
B‐01‐BC‐01 B‐07‐BC1‐02 O‐01 O‐07 12.06 11.89 11.88 11.84 11.84 11.90 11.90 11.90 11.86 11.82 11.83 11.85 11.86
B‐02‐BC‐01 B‐03‐BC1‐02 O‐02 O‐03 10.75 10.59 10.58 10.70 10.70 10.57 10.58 10.58 10.52 10.49 10.53 10.52 10.53
B‐02‐BC‐01 B‐04‐BC‐01 O‐02 O‐04 14.55 14.21 14.20 14.41 14.41 14.19 14.21 14.21 14.11 14.03 14.09 14.13 14.13
B‐02‐BC‐01 B‐05‐BC‐01 O‐02 O‐05 14.06 13.74 13.74 13.89 13.89 13.74 13.73 13.77 13.66 13.49 13.63 13.65 13.68
B‐02‐BC‐01 B‐06‐BC‐01 O‐02 O‐06 14.07 13.74 13.74 13.73 13.73 13.74 13.75 13.75 13.68 13.53 13.63 13.65 13.67
B‐02‐BC‐01 B‐07‐BC1‐02 O‐02 O‐07 12.82 12.57 12.57 12.71 12.71 12.58 12.58 12.58 12.53 12.46 12.47 12.50 12.52
B‐03‐BC1‐02 B‐04‐BC‐01 O‐03 O‐04 13.01 12.76 12.77 12.95 12.95 12.75 12.74 12.77 12.70 12.58 12.66 12.67 12.69
B‐03‐BC1‐02 B‐05‐BC‐01 O‐03 O‐05 13.49 13.21 13.19 13.20 13.20 13.19 13.19 13.21 13.13 12.96 13.08 13.11 13.12
B‐03‐BC1‐02 B‐06‐BC‐01 O‐03 O‐06 14.70 14.35 14.35 14.33 14.33 14.36 14.37 14.38 14.29 14.13 14.22 14.26 14.29
B‐03‐BC1‐02 B‐07‐BC1‐02 O‐03 O‐07 13.89 13.57 13.56 13.63 13.63 13.56 13.56 13.57 13.49 13.37 13.42 13.47 13.47
B‐04‐BC‐01 B‐05‐BC‐01 O‐04 O‐05 10.99 10.88 10.87 10.92 10.92 10.89 10.87 10.89 10.85 10.75 10.79 10.83 10.82
B‐04‐BC‐01 B‐06‐BC‐01 O‐04 O‐06 12.55 12.32 12.30 12.51 12.51 12.31 12.31 12.32 12.25 12.08 12.15 12.23 12.23
B‐04‐BC‐01 B‐07‐BC1‐02 O‐04 O‐07 13.26 12.98 12.94 13.00 13.00 12.97 12.97 12.98 12.89 12.75 12.81 12.86 12.90
B‐05‐BC‐01 B‐06‐BC‐01 O‐05 O‐06 10.28 10.12 10.12 10.07 10.07 10.13 10.12 10.13 10.08 9.91 9.97 10.05 10.06
B‐05‐BC‐01 B‐07‐BC1‐02 O‐05 O‐07 11.16 10.93 10.92 11.04 11.04 10.93 10.93 10.93 10.88 10.70 10.83 10.87 10.87
B‐06‐BC‐01 B‐07‐BC1‐02 O‐06 O‐07 10.20 10.09 10.10 10.19 10.19 10.10 10.11 10.10 10.07 10.01 10.05 10.06 10.07

Notes

Ω‐m = ohm‐meters

LBFU = lower basin‐fill unit

Oxide = bedrock oxide unit

Apparent Resistivity (Ω‐m)
Electrode 1 Electrode 2 Sending Well Receiving Well

2019_Q1_Florence_bulkEC_tables_1‐3.xlsx April 2019



TABLE 2
BULK ELECTRICAL CONDUCTIVITY MONITORING RESULTS
HORIZON 2 (20 FEET ABOVE LBFU/OXIDE CONTACT)
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

1/3/2019 1/11/2019 1/17/2019 1/24/2019 1/31/2019 2/8/2019 2/14/2019 2/21/2019 2/28/2019 3/6/2019 3/14/2019 3/21/2019 3/28/2019
B‐01‐BC‐02 B‐02‐BC‐02 O‐01 O‐02 14.82 14.70 14.71 14.80 14.80 14.68 14.70 14.70 14.65 14.64 14.66 14.63 14.66
B‐01‐BC‐02 B‐03‐BC1‐04 O‐01 O‐03 11.79 11.53 11.53 11.58 11.58 11.51 11.53 11.53 11.45 11.43 11.46 11.46 11.48
B‐01‐BC‐02 B‐04‐BC‐02 O‐01 O‐04 13.71 13.38 13.40 13.23 13.23 13.38 13.38 13.40 13.29 13.20 13.31 13.29 13.33
B‐01‐BC‐02 B‐05‐BC‐02 O‐01 O‐05 12.57 12.29 12.27 12.52 12.52 12.28 12.29 12.28 12.19 12.07 12.17 12.21 12.24
B‐01‐BC‐02 B‐06‐BC‐02 O‐01 O‐06 12.01 11.79 11.78 11.91 11.91 11.78 11.78 11.79 11.72 11.63 11.66 11.71 11.73
B‐01‐BC‐02 B‐07‐BC1‐04 O‐01 O‐07 12.02 11.86 11.85 11.80 11.80 11.86 11.86 11.87 11.82 11.78 11.82 11.81 11.82
B‐02‐BC‐02 B‐03‐BC1‐04 O‐02 O‐03 11.45 11.27 11.26 11.26 11.26 11.24 11.25 11.26 11.20 11.16 11.21 11.19 11.20
B‐02‐BC‐02 B‐04‐BC‐02 O‐02 O‐04 14.62 14.27 14.26 14.41 14.41 14.27 14.26 14.27 14.17 14.07 14.15 14.17 14.20
B‐02‐BC‐02 B‐05‐BC‐02 O‐02 O‐05 14.07 13.76 13.75 13.89 13.89 13.75 13.77 13.77 13.66 13.53 13.60 13.69 13.71
B‐02‐BC‐02 B‐06‐BC‐02 O‐02 O‐06 14.09 13.76 13.75 13.74 13.74 13.76 13.77 13.78 13.68 13.56 13.65 13.69 13.70
B‐02‐BC‐02 B‐07‐BC1‐04 O‐02 O‐07 12.81 12.57 12.56 12.58 12.58 12.57 12.58 12.58 12.49 12.42 12.50 12.49 12.51
B‐03‐BC1‐04 B‐04‐BC‐02 O‐03 O‐04 13.00 12.74 12.74 12.95 12.95 12.73 12.74 12.75 12.68 12.58 12.66 12.65 12.66
B‐03‐BC1‐04 B‐05‐BC‐02 O‐03 O‐05 13.36 13.07 13.05 13.20 13.20 13.05 13.05 13.07 12.99 12.83 12.95 12.96 12.98
B‐03‐BC1‐04 B‐06‐BC‐02 O‐03 O‐06 14.55 14.21 14.22 14.33 14.33 14.22 14.23 14.23 14.13 14.00 14.11 14.11 14.13
B‐03‐BC1‐04 B‐07‐BC1‐04 O‐03 O‐07 13.63 13.31 13.31 13.60 13.60 13.30 13.30 13.32 13.23 13.13 13.16 13.23 13.23
B‐04‐BC‐02 B‐05‐BC‐02 O‐04 O‐05 11.34 11.23 11.23 11.30 11.30 11.24 11.22 11.24 11.20 11.12 11.13 11.17 11.19
B‐04‐BC‐02 B‐06‐BC‐02 O‐04 O‐06 12.55 12.30 12.30 12.51 12.51 12.30 12.29 12.30 12.24 12.07 12.12 12.21 12.22
B‐04‐BC‐02 B‐07‐BC1‐04 O‐04 O‐07 13.01 12.72 12.72 12.97 12.97 12.72 12.73 12.73 12.66 12.52 12.61 12.64 12.67
B‐05‐BC‐02 B‐06‐BC‐02 O‐05 O‐06 10.51 10.35 10.36 10.35 10.35 10.36 10.35 10.36 10.31 10.14 10.18 10.28 10.28
B‐05‐BC‐02 B‐07‐BC1‐04 O‐05 O‐07 10.98 10.76 10.76 11.01 11.01 10.76 10.75 10.75 10.71 10.53 10.59 10.70 10.70
B‐06‐BC‐02 B‐07‐BC1‐04 O‐06 O‐07 10.96 10.85 10.84 10.88 10.88 10.85 10.85 10.85 10.83 10.77 10.79 10.82 10.83

Notes

Ω‐m = ohm‐meters

LBFU = lower basin‐fill unit

Oxide = bedrock oxide unit

Electrode 1 Electrode 2 Sending Well Receiving Well
Apparent Resistivity (Ω‐m)
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TABLE 3
BULK ELECTRICAL CONDUCTIVITY MONITORING RESULTS
HORIZON 3 (AT LBFU/OXIDE CONTACT)
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

1/3/2019 1/11/2019 1/17/2019 1/24/2019 1/31/2019 2/8/2019 2/14/2019 2/21/2019 2/28/2019 3/6/2019 3/14/2019 3/21/2019 3/28/2019
B‐01‐BC‐03 B‐02‐BC‐03 O‐01 O‐02 15.71 15.59 15.60 15.53 15.71 15.55 15.58 15.56 15.52 15.52 15.56 15.50 15.52
B‐01‐BC‐03 B‐03‐BC2‐02 O‐01 O‐03 11.84 11.60 11.59 11.58 11.58 11.57 11.58 11.59 11.53 11.47 11.55 11.52 11.53
B‐01‐BC‐03 B‐04‐BC‐03 O‐01 O‐04 13.51 13.18 13.19 13.23 13.23 13.21 13.23 13.24 13.12 13.06 13.13 13.14 13.18
B‐01‐BC‐03 B‐05‐BC‐03 O‐01 O‐05 12.40 12.12 12.12 12.52 11.95 12.14 12.13 12.15 12.04 11.94 12.02 12.07 12.10
B‐01‐BC‐03 B‐06‐BC‐03 O‐01 O‐06 11.86 11.61 11.62 11.91 11.91 11.61 11.61 11.61 11.54 11.46 11.51 11.54 11.57
B‐01‐BC‐03 B‐07‐BC2‐02 O‐01 O‐07 12.26 12.11 12.10 12.09 12.09 12.10 12.09 12.10 12.05 12.01 12.06 12.05 12.06
B‐02‐BC‐03 B‐03‐BC2‐02 O‐02 O‐03 11.81 11.63 11.64 11.57 11.57 11.64 11.60 11.61 11.55 11.53 11.58 11.55 11.57
B‐02‐BC‐03 B‐04‐BC‐03 O‐02 O‐04 14.39 14.06 14.05 14.41 14.41 14.06 14.05 14.09 13.96 13.87 13.97 13.99 13.99
B‐02‐BC‐03 B‐05‐BC‐03 O‐02 O‐05 13.87 13.54 13.53 13.90 13.90 13.54 13.55 13.58 13.45 13.32 13.43 13.47 13.50
B‐02‐BC‐03 B‐06‐BC‐03 O‐02 O‐06 13.92 13.59 13.59 13.75 13.75 13.58 13.60 13.62 13.51 13.39 13.47 13.51 13.53
B‐02‐BC‐03 B‐07‐BC2‐02 O‐02 O‐07 12.88 12.63 12.61 12.59 12.59 12.62 12.62 12.62 12.55 12.51 12.55 12.55 12.58
B‐03‐BC2‐02 B‐04‐BC‐03 O‐03 O‐04 12.92 12.68 12.65 12.95 12.95 12.64 12.64 12.68 12.59 12.51 12.58 12.58 12.59
B‐03‐BC2‐02 B‐05‐BC‐03 O‐03 O‐05 13.30 13.03 13.01 13.20 13.20 12.98 13.02 13.03 12.94 12.79 12.87 12.93 12.94
B‐03‐BC2‐02 B‐06‐BC‐03 O‐03 O‐06 14.58 14.22 14.20 14.33 14.33 14.20 14.23 14.25 14.13 13.99 14.10 14.12 14.14
B‐03‐BC2‐02 B‐07‐BC2‐02 O‐03 O‐07 13.57 13.27 13.24 13.60 13.60 13.23 13.25 13.27 13.20 13.06 13.14 13.18 13.19
B‐04‐BC‐03 B‐05‐BC‐03 O‐04 O‐05 12.08 11.97 11.97 12.07 12.07 11.95 11.95 11.95 11.93 11.84 11.86 11.92 11.90
B‐04‐BC‐03 B‐06‐BC‐03 O‐04 O‐06 12.64 12.41 12.40 12.51 12.51 12.39 12.38 12.39 12.33 12.16 12.23 12.30 12.30
B‐04‐BC‐03 B‐07‐BC2‐02 O‐04 O‐07 12.86 12.56 12.55 12.43 12.43 12.55 12.58 12.59 12.49 12.35 12.45 12.49 12.52
B‐05‐BC‐03 B‐06‐BC‐03 O‐05 O‐06 10.78 10.63 10.63 10.62 10.62 10.64 10.62 10.62 10.58 10.42 10.49 10.54 10.56
B‐05‐BC‐03 B‐07‐BC2‐02 O‐05 O‐07 10.83 10.61 10.60 10.59 10.59 10.62 10.60 10.59 10.55 10.42 10.47 10.54 10.56
B‐06‐BC‐03 B‐07‐BC2‐02 O‐06 O‐07 11.16 11.06 11.06 11.06 11.06 11.06 11.06 11.05 11.03 10.97 10.97 11.02 11.04

Notes

Ω‐m = ohm‐meters

LBFU = lower basin‐fill unit

Oxide = bedrock oxide unit

Electrode 1 Electrode 2 Sending Well Receiving Well
Apparent Resistivity (Ω‐m)

2019_Q1_Florence_bulkEC_tables_1‐3.xlsx April 2019
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Application to Amend Aquifer Protection Permit No. P-101704 
Florence Copper Project 
 
Attachment 13 (Item 19G):  Technical Requirements — Contingency Plan 
 
 
13.1 INTRODUCTION 
 
This Attachment conveys the contingency plan proposed in support of the application for significant 
amendment (application) of Aquifer Protection Permit (APP) No. P-101704 requested by Florence 
Copper Inc. (Florence Copper) in accordance with Arizona Administrative Code (A.A.C.) 
R18-9-A211(A)(1).  The information presented in this Attachment is provided in response to Item 19G 
(Contingency Plan) of the application form. 
 
As required by A.A.C. R18-9-A204, the Contingency Plan presented in this Attachment includes policies 
and procedures for detecting and responding to:  

 A violation of an Aquifer Water Quality Standard (AWQS) or an Aquifer Quality Limit (AQL); 

 A violation of a discharge limitation; 

 A violation of any other permit condition; 

 An exceedance of an Alert Level (AL); or 

 An imminent and substantial endangerment to the public health or the environment. 
 
Sections 13.2 through 13.4 of this Attachment provide an overview of general contingency and 
emergency response procedures.  Section 13.5 provides a description of plans for responding to specific 
events.  Section 13.7 provides a formal review of plan elements as they may be translated into permit 
requirements.  
 
13.2 CONTINGENCY PLAN ELEMENTS 
 
The Contingency Plan includes the following elements: 

 Document control;  

 A description of the general procedures to ensure unauthorized discharges are promptly 
addressed and mitigated; 

 An emergency response procedure in the event of an imminent and substantial endangerment 
to the public health or the environment; and 

 Descriptions of contingency planning to address specific events. 
 
13.3 DOCUMENT CONTROL 
 
Once approved, this Contingency Plan will be maintained in the locations where day-to-day decisions for 
operating the planned in-situ copper recovery (ISCR) facility are made.  Additional copies of the 
Contingency Plan may be maintained at other locations as appropriate.  All employees responsible for 
the operation of the ISCR facility will be advised of the location of the Contingency Plan. 
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The Contingency Plan will be formally reviewed on an annual basis, or in the event of a discharge 
resulting in any of the conditions identified in Section 13.1, whichever comes sooner.  The Contingency 
Plan will also be promptly revised upon any change to the information in the plan. 
 
Document control will be maintained to ensure that all revisions are promptly included and correctly 
replaced in all copies of the Contingency Plan.  The Contingency Plan, and revisions, will be signed and 
approved by the Florence Copper general manager. 
 
13.4 EMERGENCY RESPONSE PROVISIONS TO ADDRESS AN IMMINENT AND SUBSTANTIAL 

ENDANGERMENT TO PUBLIC HEALTH OR THE ENVIRONMENT 
 
13.4.1 Conditions Requiring Emergency Response 
 
Florence Copper will act immediately to correct any condition resulting from an unauthorized discharge 
on the Florence Copper Project (FCP) site if that condition could pose an imminent and substantial 
endangerment to the public health or environment, such as the following:   

 A release that occurs outside a containment area and that exceeds a reportable quantity limit as 
per reporting requirements in the Comprehensive Environmental Response, Compensation and 
Liability Act or the Superfund Amendments and Reauthorization Act; 

 A catastrophic failure of tanks or water impoundment; and  

 A catastrophic event such as a flood that exceeds the 100-year storm event, an earthquake or 
fire, civil unrest, or vandalism that causes a release to the environment. 

 
13.4.2 Designation of an Emergency Response Coordinator 
 
An emergency response coordinator will be responsible for the activation of this Contingency Plan to 
address an imminent and substantial endangerment to public health or the environment.  The 
emergency response coordinator will be the FCP general manager, or other employee delegated with 
the authority to act as emergency response coordinator.  The emergency response coordinator will be 
appropriately trained and will have the necessary level of experience and supervising authority to 
commit resources to respond to and address an imminent and substantial endangerment to public 
health or the environment.  The primary emergency response coordinator’s name and contact location, 
and telephone numbers will be posted at all times in the FCP control room.  The primary emergency 
response coordinator will delegate authority to an appropriate alternate to act as emergency response 
coordinator in the primary emergency coordinator’s absence. 
 
13.4.3 Notification  
 
Upon notification of a condition that could pose an imminent and substantial endangerment to public 
health or the environment, the emergency response coordinator will immediately notify: 

 Local emergency services – 1-520-866-6411 within 24 hours for any unauthorized discharge of 
hazardous or non-hazardous material which (a) has the potential to cause an Aquifer Quality 
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Limit (AQL) to be exceeded, or (b) could pose an endangerment to public health or the 
environment; 

 The National Response Center for any reportable quantity released to the environment –  
1-800-424-8802; 

 Arizona Department of Environmental Quality (ADEQ) – 1-602-771-2300; 

 The FCP general manager, if the emergency response coordinator is not the general manager.  
The name and telephone number of the general manager and/or the emergency response 
coordinator will be placed in each copy of the FCP Contingency Plan; 

 Corporate management; and 

 Emergency response contractors, as appropriate.  
 
13.4.4 Preparation for Response to Reported Conditions  
 
Florence Copper will ensure that all FCP personnel are trained and certified in first aid, chemical safety, 
and in the use of Material Safety Data Sheets in accordance with applicable federal, state, and local 
health, safety, and environmental regulations.  In addition, personnel will receive spill- and 
emergency-response training to identify, clean-up, report on, and otherwise manage unauthorized 
discharges relative APP No. P-101704. this Contingency Plan and related features of the Storm Water 
Pollution Prevention Plan (SWPPP).  The Contingency Plan and the SWPPP will be posted in the FCP 
control room and will be reviewed at least annually by the Technical Service Manager and revised as 
necessary.   
 
The FCP will be equipped with spill-response clean-up materials and equipment suitable to address 
minor spills  The clean-up materials and equipment will be for protecting employees, equipment, and 
the environment from acidic, corrosive, or otherwise damaging materials and will include, but not be 
limited to, protective gear, spill containment booms, lime for acid neutralization, and waste disposal 
bins.  The location of all such equipment will be shown on a poster in the FCP control room.   
 
Florence Copper will maintain plans with local response emergency agencies and with emergency 
response contractors, as appropriate, for responses to imminent and substantial endangerment to 
public health or the environment. 
 
13.4.5 Emergency Response Procedures 
 
Upon notification of a condition that could pose an imminent and substantial endangerment to public 
health or the environment, the emergency response coordinator will immediately assess possible 
hazards associated with the reported condition.   
 
If the emergency response coordinator determines the reported condition does not pose an imminent 
and substantial endangerment to public health or the environment, they will direct actions to promptly 
cease the discharge and isolate the discharged material.  Discharged material will be removed as soon as 
possible.  Within 24 hours following the discovery of a discharge of hazardous or non-hazardous 
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material which has the potential to cause an AQL to be exceeded, the emergency response coordinator 
will notify the ADEQ Groundwater Protection Value Stream of corrective actions taken and planned. 
 
If the emergency response coordinator determines the reported condition could pose an imminent and 
substantial endangerment to public health or the environment, they will direct actions to promptly: 

 Notify consistent with Section 13.4.3; 

 Notify all facility personnel of the condition and advise them of any area to be 
evacuated/isolated; 

 Direct that operations be discontinued as appropriate to stop the discharge; 

 Take steps to safely isolate and contain material discharged; 

 Begin the process of recording information regarding the nature and extent of discharges 
potentially causing the imminent and substantial endangerment to public health or the 
environment and recording information on individuals who may have been exposed during the 
incident, including the name of individuals, the nature of exposure, and any medical treatment 
the individual received.   

 
13.4.6 Reports of Responses to Conditions Potentially Causing Imminent and Substantial 

Endangerment to Public Health or the Environment   
 
Florence Copper will submit a written report to the ADEQ Groundwater Protection Value Stream for any 
unauthorized discharge of hazardous or non-hazardous material which (a) has the potential to cause an 
Aquifer Quality Limit (AQL) to be exceeded, or (b) could pose an endangerment to public health or the 
environment.  The report will be submitted within 30 days of the discharge and will summarize the 
event, including any human exposure, and will provide a description of response activities and results of 
those activities.  
 
13.5 CONTINGENCY PLAN REQUIREMENTS 
 
The following Contingency Plan requirements (Section 2.6) will be replaced by provisions of the 
amended APP No. P-101704 when it is issued by ADEQ.  The section numbering and language presented 
below reflect the anticipated numbering and proposed language for contingency plan section of the 
amended APP No. P-101704. 
 
2.6 Contingency Plan Requirements  

[Arizona Revised Statutes (A.R.S.) § 49-243(K)(3), (K)(7) and A.A.C. R18-9-A204 and R18-9-A205] 
 
2.6.1 General Contingency Plan Requirements 
 
At least one copy of this permit and the approved contingency and emergency response plans 
submitted in the application shall be maintained at the location where day-to-day decisions 
regarding the operation of the facility are made.  The permittee shall be aware of and follow the 
contingency and emergency plans. 
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Any AL that is exceeded or any violation of an AQL, discharge limit (DL), or other permit 
condition shall be reported to ADEQ following the reporting requirements in Section 2.7.3. 
 
Some contingency actions may involve verification sampling.  Verification sampling shall consist 
of the first follow-up sample collected from a location that previously indicated a violation or 
the exceedance of an AL.  Collection and analysis of the verification sample shall use the same 
protocols and test methods to analyze for the pollutant or pollutants that exceeded an AL or 
violated an AQL.  The permittee is subject to enforcement action for the failure to comply with 
any contingency actions in this permit.  Where verification sampling is specified in this permit, it 
is the option of the permittee to perform such sampling.  If verification sampling is not 
conducted within the timeframe allotted, ADEQ and the permittee shall presume the initial 
sampling result to be confirmed as if verification sampling has been conducted. The permittee is 
responsible for compliance with contingency plans relating to the exceedance of an AL or 
violation of a DL, AQL, or any other permit condition. 
 
2.6.2 Exceeding of Alert Levels 

 
2.6.2.1 Exceeding of Performance Levels Set for Operational Conditions 

1. Performance Levels Set for Freeboard.  In the event that freeboard performance levels in 
a surface impoundment listed in Section 4.1, Table 4.1-3 are not maintained, the 
permittee shall: 

a. As soon as practicable, cease or reduce discharging to the impoundment to 
prevent overtopping. Remove and properly dispose or recycle to other operations 
the excess fluid in the reservoir until the water level is restored at or below the 
permitted freeboard limit. 
b. Within 5 days of discovery, evaluate the cause of the incident and adjust 
operational conditions as necessary to avoid future occurrences. 
c. Record in the facility log, the amount of fluid removed, a description of the 
removal method, and the disposal arrangements. The facility log shall be maintained 
according to Section 2.7.2 (Operational Inspection / Log Book Recordkeeping). 
d. The facility is no longer on alert status once the operational indicator no longer 
indicates that the freeboard performance level is being exceeded. The permittee 
shall, however, complete all tasks necessary to return the facility to its pre-alert 
operating condition. 

2. Performance Levels, Other Than Freeboard 
a. If an operational performance level (PL) listed in Section 4.1, Table 4.1-3 has 

been observed or noted during required inspection and operational monitoring, 
such that the result could cause or contribute to an unauthorized discharge, the 
permittee shall immediately investigate to determine the cause of the condition. 
The investigation shall include the following: 
i. Inspection, testing, and assessment of the current condition of all treatment 
or pollutant discharge control systems that may have contributed to the 
operational performance condition. 
ii. Review of recent process logs, reports, and other operational control 
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information to identify any unusual occurrences. 
b. The PL exceedance, results of the investigation, and any corrective action taken 
shall be reported to the ADEQ Groundwater Protection Value Stream, within 30 
days of the discovery of the condition. Upon review of the submitted report, the 
Department may amend the permit to require additional monitoring, increased 
frequency of monitoring, or other actions. 
c. The permittee shall initiate actions identified in the approved contingency plan 
referenced in Section 5 and any specific contingency measures identified in 
Section 2.6 to resolve any problems identified by the investigation which may 
have led to a PL being exceeded. To implement any other corrective action the 
permittee shall obtain prior approval from the ADEQ Groundwater Protection Value 
Stream according to Section 2.6.6. 

  
2.6.2.2 Exceedance of Alert Level #1 for Normal Liner Leakage 
 
If an Alert Level #1 (AL #1) as specified in Section 4.1, Table 4.1-4, has been exceeded, the 
permittee shall take the following actions: 

1. Within 5 days of discovery, determine if the fluid in the collection sump is process water 
from the impoundment by measuring the pH and conductivity of fluids in the 
impoundment and in the sump to allow direct comparison of the fluids.  Notify ADEQ 
Groundwater Protection Value Stream in accordance with Section 2.7.3(1) (Permit 
Violation and AL Status Reporting), and include in the notification an assessment of the 
type of water in the sump.  Monitor fluid removal from the LCRS on a daily basis until 
the daily volume of fluid quantified remains below AL #1 for 30 days in order to 
minimize the hydraulic head on the lower liner. 

2. Within 15 days of discovery, assess the condition of the liner system using visual 
methods for visible portions of the liner, electrical leak detection, or other methods as 
applicable to determine the location of leaks in the primary liner.  If liner damage is 
evident, the permittee shall complete liner repairs and submit documentation of the 
repairs in the initial report discussed in Item No. 3 below. 

3. Within 30 days of discovery of exceeding AL #1, the permittee shall submit an initial 
report to ADEQ Groundwater Protection Value Stream to address problems identified 
from the initial assessment of the liner system, the source of the fluid, and any remedial 
actions taken to minimize future occurrences.  The report shall include the results of the 
initial liner evaluation, methods used to locate the leak(s) if applicable, any repair 
procedures implemented to restore the liner to optimal operational status if required, 
and other information necessary to ensure future occurrence of the incidence will be 
minimized.  The permittee shall also submit the report required under Section 2.7.3. 

4. For leakage rates that continue to exceed AL #1 and are below AL #2, a Liner Leakage 
Assessment Report shall be included in the next annual report described in Section 2.7.4 
(Operational, Other or Miscellaneous Reporting) of this permit.  The permittee may also 
submit the Liner Leakage Assessment Report to the ADEQ prior to the annual report due 
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date.  This Liner Leakage Assessment Report shall be submitted to the ADEQ 
Groundwater Protection Value Stream.   

5. ADEQ will review the Liner Leakage Assessment Report and may require that the 
permittee take additional action to address the problems identified from the 
assessment of the liner and perform other applicable repair procedures as directed by 
the ADEQ, including repair of the liner or addressing and controlling infiltration of 
non-operational water detected in the LCRS.  

 
2.6.2.3 Exceedance of Alert Level #2 (Discharge Limit) for Liner Failure or Rips 
 
If the Liner Leakage Discharge Limit (AL #2) specified in Section 4.1, Table 4.1-4, has been 
exceeded, the permittee shall: 

1. Immediately cease all discharge to the impoundment and notify ADEQ’s Groundwater 
Protection Value Stream orally, electronically, or by facsimile of the AL #2 exceedance.  
Within 24 hours, determine if water in the collection sump is process water from the 
impoundment by measuring the pH and conductivity of fluids contained in the 
impoundment and in the sump to allow direct comparison of the fluids. 

2. Within 5 days of discovery, notify ADEQ Groundwater Protection Value Stream, in 
accordance with Section 2.7.3 (Permit Violation and AL Status Reporting) and include an 
assessment regarding the type of water in the sump based upon the measurements 
taken according to Item No. 1 listed above. 

3. Within 15 days of discovery, identify the location of the leak(s) using visual methods, 
electrical leak detection, or other methods as applicable.  If liner damage is evident, the 
permittee shall complete liner repairs and submit documentation of the repairs in Item 
No. 4 below.  Discharge to the impoundment shall not be re-initiated until the leak(s) 
has been identified and repaired. 

4. Within 30 days of exceeding AL #2, submit a report to ADEQ as specified in Section 2.7.3 
(Permit Violation and AL Status Reporting).  The report shall include the results of the 
initial liner evaluation, methods used to locate the leak(s) if applicable, any repair 
procedures and quality assurance/quality control implemented to restore the liner to 
optimal operational status if required, and other information necessary to ensure future 
occurrence of the incidence will be minimized.  Upon review of the report, ADEQ may 
request additional monitoring or remedial actions.  

5. If AL #2 continues to be exceeded following completion of repairs, submit for approval 
to ADEQ, a corrective action plan including a schedule to complete the corrective 
actions to address all problems identified from the assessment of the liner system and 
surface releases, if any, within 60 days of completion of repairs conducted in response 
to Item No. 3 above.  Upon ADEQ’s approval, the permittee shall implement the 
approved plan and schedule of corrective actions. 

6. Within 30 days of completion of corrective actions, submit to ADEQ, a written report as 
specified in Section 2.6.6 (Corrective Actions) 
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2.6.2.4 Exceeding of Alert Levels in Groundwater Monitoring 
 

Alert levels are listed in Attachment 15 for selected ISCR constituents for which numeric aquifer 
water quality standards have not been established.  An exceedance of an AL for those 
constituents will be treated in the same manner as AL exceedances. 

 
2.6.2.4.1 Alert Levels for Indicator Parameters 

1. If an AL in Section 4.1 Table 4.1-6, 4.1-6B, 4.1-7, or Table 4.1-7B has been exceeded, the 
permittee shall request that the laboratory verify the sample results within 5 days.  If 
the analysis does not confirm that an exceedance has occurred, no further action is 
required. 

2. Within 5 days after receiving laboratory confirmation of an AL being exceeded, the 
permittee shall notify the ADEQ Groundwater Protection Value Stream and submit 
written confirmation within 30 days of receiving the laboratory confirmation of an AL 
exceedance.   

3. If the results indicate an exceedance of an AL, the permittee shall conduct a verification 
sample of groundwater from the well within 15 days from laboratory confirmation.  If 
the verification sample does not confirm that an exceedance has occurred, the 
permittee shall notify ADEQ Groundwater Protection Value Stream of the results.  No 
further action is required under this subsection. 

4.  If verification sampling confirms that the AL has been exceeded, the permittee shall 
increase the frequency of monitoring to monthly and analyze for the entire list of 
parameters listed in Section 4.1, Table 4.1-6, or Table 4.1-6B, and increase the 
monitoring frequency to quarterly for parameters listed in Tables 4.1-7 or 4.1-7B.  In 
addition, the permittee shall immediately investigate the cause of the exceedance and 
report the results of the investigation with the 30 day confirmation noted above.  ADEQ 
may require additional investigations, the installation of additional wells, or corrective 
action in response to the report. The permittee shall continue monthly testing for the 
parameter(s) until the parameter(s) has remained below the AL for 3 consecutive 
monthly sampling events. 

 
2.6.2.4.2 Alert Levels for Pollutants with Numeric Aquifer Water Quality Standards 

1. If an AL for a pollutant set in Section 4.1, Table 4.1-6, 4.1-6B, 4.1-7, or Table 4.1-7B has 
been exceeded, the permittee may conduct verification sampling of the pollutant(s) that 
exceed their respective AL(s) within 5 days of becoming aware of an AL exceedance.  
The permittee may use the results of another sample taken between the date of the last 
sampling event and the date of receiving the result as verification. 

2. If verification sampling confirms the AL exceedance or if the permittee opts not to 
perform verification sampling, then the permittee shall increase the frequency of 
monitoring to monthly of the pollutant(s) that exceed their respective AL(s).  In addition, 
the permittee shall immediately initiate an investigation of the cause of the AL 
exceedance, including inspection of all discharging facilities and all related pollution 
control devices, review of any operational and maintenance practices that might have 
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resulted in an unexpected discharge, and hydrologic review of groundwater conditions 
including upgradient water quality from existing wells. 

3. The permittee shall initiate actions identified in the approved contingency plan 
referenced in Section 3.0 and specific contingency measures identified in Section 2.6 to 
resolve any problems identified by the investigation which may have led to an AL 
exceedance.  To implement any other corrective action the permittee shall obtain prior 
approval from ADEQ according to Section 2.6.6.  Alternatively, the permittee may 
submit a technical demonstration, subject to written approval by the Groundwater 
Protection Value Stream, that although an AL is exceeded, the pollutant(s) that exceed 
their respective AL(s) are not reasonably expected to cause a violation of an AQL.  The 
demonstration may propose a revised AL or monitoring frequency for approval in 
writing by the Groundwater Protection Value Stream. 

4. Within 30 days after confirmation of an AL exceedance for those pollutant(s), the 
permittee shall submit the laboratory results to the Groundwater Protection Value 
Stream along with a summary of the findings of the investigation, the cause of the AL 
exceedance, and actions taken to resolve the problem. 

5. Upon review of the submitted report, ADEQ may amend the permit to require 
additional monitoring, increased frequency of monitoring, or other actions. 

6. The increased monitoring for those pollutant(s) required as a result of an AL exceedance 
may be reduced to the regularly scheduled frequency, if the results of three (3) 
sequential sampling events demonstrate that the parameter(s) does not exceed their 
respective AL(s). 

7. If the increased monitoring required as a result of an AL exceedance for those 
pollutant(s) continues for more than six (6) sequential sampling events, the permittee 
shall submit a second report documenting an investigation of the continued AL 
exceedance within 30 days of the receipt of laboratory results of the sixth sampling 
event. 

 
2.6.2.4.3 Alert Levels to Protect Downgradient Users from Pollutants Using a Narrative 

Aquifer Water Quality Standard 

1. If an AL set for arsenic in Section 4.1, Table 4.1-6, or 4.1-7 has been exceeded, the 
permittee shall conduct verification sampling within 5 days of becoming aware of an AL 
exceedance. 

2. If verification sampling confirms that the AL has been exceeded, the permittee shall 
investigate the cause of the exceedance and shall submit a report regarding the 
exceedance to ADEQ within 30 days of the date of verification sample.  The report shall 
identify the cause and source(s) of the exceedance and shall propose actions to mitigate 
the exceedance.  The report shall also present groundwater modeling to establish a 
projected relationship of the wells in which exceedance(s) were found and the 
downgradient boundary of the Arizona State Land Department property at the facility. 
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3. The permittee shall notify all downgradient users of the aquifer who may be directly 
affected by the discharge within 24 hours of receiving the results of verification 
confirmation sampling. 

 
2.6.2.5 Exceeding of BADCT Alert Levels for Injection/Recovery Well Operation 

 
The permittee shall initiate the following actions within 24 hours of becoming aware of an AL 
exceedance listed in Section 4.1, Table 4.1-8 for the loss of hydraulic control within the in-situ 
leaching area for more than 24 consecutive hours.  A loss of hydraulic control occurs when the 
amount of fluids injected during a 24 hour period exceeds the amount of fluid recovered for the 
same 24 hour period.  Loss of hydraulic control is also indicated by a less than 1-foot differential 
observed in any pair of observation and recovery wells over a 24 hour period.  The permittee 
shall:  

1. Notify the ADEQ Groundwater Protection Value Stream within one (1) day of becoming 
aware of the AL exceedance; 

2. Adjust flow rates at injection/recovery wells until the recovery volume is greater than 
the injected volume; 

3. Conduct an inspection, testing of piping and wellhead for leaks; injection and recovery 
lines, pumps, flow meters, totalizers, pressure gauges, pressure transducers, and other 
associated facilities; 

4. Review of recent process logs, continuous chart recordings, meter readings, and other 
operational control information to identify any unusual occurrences; 

5. Initiate pressure testing of the appropriate wells if the loss of fluids cannot be 
determined to be caused by a surface facility failure; 

6. Repair system as necessary; 

7. Within 1 week submit a report to ADEQ Groundwater Protection Value Stream.  The 
report shall include but not be limited to providing the following information: a) injected 
volume in the period prior to the AL exceedance, b) recovered volume in the period 
prior to the AL exceedance, and c) corrective action taken. 

8. The permittee is no longer considered to be in violation if the injection rate and 
recovery rates are re-established and maintained at normal operating conditions 
following the completion of the corrective actions. 

 
If the exceedance of the AL is determined to be a result of a planned disruption or power 
outage, the cause will be noted in the logbook as required by Section 2.7.2. 
 
If a leak is detected, operation of the well shall cease until the leak has been repaired and 
mechanical integrity demonstrated to minimize the potential for groundwater pollution. 
 
Within 30 days of the initial AL exceedance caused by a leak, the permittee shall submit a report 
to ADEQ Groundwater Protection Value Stream at the address shown in Section 2.7.5.  This 
report shall document all submittals to U.S. Environmental Protection Agency (USEPA), including 
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but not limited to, monitoring and report data and reports checking engineering and integrity of 
the well. 
 
The facility is no longer on alert status once the operational indicator no longer indicates that an 
AL is being exceeded.  The permittee shall, however, complete all tasks necessary to return the 
facility to its pre-alert operating condition. 
 
2.6.2.6 Exceeding of Alert Levels Set for Maximum Injection Pressure 
 
The permittee shall initiate the following actions within 24 hours of becoming aware of an AL 
exceedance listed in Section 4.1, Table 4.1-8 for the exceedance of a fracture gradient.  The 
permittee shall: 

1. Immediately investigate to determine the cause of the AL being exceeded, including:  
a. Inspection, testing, and assessment of the current condition of all components of 

the injection system that may have contributed to the AL being exceeded, which 
may include taking the affected well(s) out of service; 

b. Review of all data logger information, test results, and other operational control 
information to identify any unusual occurrences; and 

c. Repair system as necessary. 

2. Within 30 days of an AL being exceeded, the permittee shall submit the related data to 
the ADEQ Groundwater Protection Value Stream, along with a summary of the findings 
of the investigation, the cause of the AL being exceeded, and actions taken to resolve 
the problem.  This report shall document all submittals to USEPA, including but not 
limited to, monitoring and report data, and reports checking engineering and integrity 
of the well. 

3. Upon review of the submitted report, ADEQ may amend the permit to require 
additional monitoring, increased frequency of monitoring, amendments to permit 
conditions or other actions. 

4. The facility is no longer on alert status once the operational indicator no longer indicates 
that an AL is being exceeded.  The permittee shall, however, complete all tasks 
necessary to return the facility to its pre-alert operating condition. 

 
2.6.2.7 Exceeding Alert Levels for Well Bore Electrical Conductivity 
 
The permittee shall initiate the following actions within 24 hours of becoming aware of an AL 
exceedance listed in Section 4.1, Table 4.1-8 for the exceedance of Well Bore Electrical 
Conductivity.  The permittee shall: 

1. Verify the reading from the annular conductivity device to confirm there was an AL 
exceedance.  If verification does not confirm an AL exceedance, the permittee can 
resume normal operations and notify the Groundwater Protection Value Stream in 
accordance with Section 2.7.3. 
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2. If verification confirms an AL exceedance, the permittee shall notify the ADEQ 
Groundwater Protection Value Stream within one (1) day of becoming aware of the AL 
exceedance. 

3. Increase Well Bore Electrical Conductivity monitoring required in Table 4.1-8 to 
monthly. 

4. Repair system as necessary. 

5. Within 30 days of repairing the system, the permittee shall submit a written report to 
the Groundwater Protection Value Stream documenting the repair of the system and 
providing an evaluation of the cause, impacts, or mitigation any impacts to the LBFU, 
middle fine-grained unit and/or upper basin fill unit. 

 
2.6.2.8 Exceeding Alert Levels for Fluid Electrical Conductivity 
 
The permittee shall initiate the following actions within 24 hours of becoming aware of an AL 
exceedance listed in Section 4.1, Table 4.1-8 for the exceedance of fluid sample electrical 
conductivity.  The permittee shall: 

1. Immediately verify the fluid sample electrical conductivity.  If the verification sample 
does not confirm that an exceedance has occurred, the permittee shall notify the ADEQ 
Groundwater Protection Value Stream of the results.  No further action is required. 

2. Within 24-hours of confirmation of an AL being exceeded, the permittee shall notify the 
ADEQ Groundwater Protection Value Stream and immediately investigate the cause of 
the exceedance. 

3. The permittee shall report the results of the investigation within 30 days of 
confirmation.  ADEQ may require reduction of injection rates and increase of pumping 
rates, additional investigations, the installation of additional wells, or corrective action 
in response to the report. 

 
2.6.2.9 Exceeding an Alert Level for Cone of Depression 

 
The permittee shall initiate the following actions within 24 hours of becoming aware of an Alert 
Level exceedance listed in Section 4.1, Table 4.1-8 for the cone of depression. The permittee 
shall: 

1. Within 48 hours of becoming aware of the AL exceedance, verify whether an 
exceedance has occurred by completing the following: 
a. Evaluate whether the data collection protocols have been properly followed. 
b. Review field notes for indications of unusual circumstances that may have occurred 

during the collection of the data. 
c. Review daily injection and pumping values at the ISCR well field at the time of the 

measurements to confirm that extraction was greater than injection during that 
period in accordance with Section 2.7.4.4(2), Table 4.1-1, and Table 4.1-8. 

d. Evaluate the pumping conditions at other nearby wells during the time of 
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measurements (i.e., were POC or other wells being purged). 
e. Inspect the equipment used to collect the field measurements. 
f. Determine if the measurement equipment was different from past collection 

periods and evaluate the potential effects of differences between the equipment 
used. 

g. Check the calibration of the equipment used (water sounder, pressure transducers, 
etc.). 

2. If an exceedance is not verified, the permittee shall notify the ADEQ Groundwater 
Protection Value Stream of the results of the verification.  No further action is required. 

3. If an exceedance is verified, the permittee shall: 
a. Reduce the injection rate and increase the pumping rate at the recovery wells to a 

rate that will cause the cone of depression to no longer exceed the AL and notify 
ADEQ Groundwater Protection Value Stream within 24 hours. 

b. Increase the frequency of potentiometric surface map compilation to weekly until 
water level measurements confirm that the cone of depression AL is no longer 
exceeded.  

c. If the cone of depression does not meet the AL after a period of 30 days of reduced 
injection and increased pumping, the permittee shall immediately cease injecting 
solutions, continue extracting until the cone of depression no longer exceeds the AL, 
increase the frequency of Level 1 monitoring to monthly, and increase the 
frequency of monitoring the Level 2 parameters to quarterly at all of the nearest 
down gradient POC wells.  Upon taking these actions, the permittee shall notify 
ADEQ Groundwater Protection Value Stream within 3 days. 

4. Once the AL is no longer exceeded, the permittee shall prepare a summary report to be 
submitted to the Groundwater Protection Value Stream within 30 days summarizing the 
findings and actions taken to extend the cone of depression to the Pollutant 
Management Area boundary. 

 
2.6.3 Discharge Limitations Violations 
 
2.6.3.1 Liner Failure, Containment Structure Failure, or Unexpected Loss of Fluid 

 
In the event of overtopping, liner failure, containment structure failure, or unexpected loss of 
fluid as described in Section 2.3, the permittee shall take the following actions: 

1. As soon as practicable, cease all discharges as necessary to prevent any further releases 
to the environment. 

2. Within 24 hours of discovery, notify ADEQ Groundwater Protection Value Stream, orally, 
electronically, or by facsimile. 

3. Within 24 hours of discovery of a failure that resulted in a release to the subsurface, 
collect representative samples of the fluid remaining in affected impoundments and 
drainage structures, analyze sample(s) according to Section 4.1, Table 4.1-2C and report 
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in accordance with Section 2.7.3 (Permit Violation and AL Status Reporting).  In the 
30-day report required under Section 2.7.3, include a copy of the analytical results and 
forward the report to ADEQ Groundwater Protection Value Stream. 

4. Within 15 days of discovery, initiate an evaluation to determine the cause for the 
incident.  Identify the circumstances that resulted in the failure and assess the condition 
of the discharging facility and liner system.  Implement corrective actions as necessary 
to resolve the problems identified in the evaluation.  Initiate repairs to any failed liner, 
system, structure, or other component as needed to restore proper functioning of the 
discharging facility.  The permittee shall not resume discharging to the discharging 
facility until repairs of any failed liner or structure are performed.  Repair procedures, 
methods, and materials used to restore the system(s) to proper operating condition 
shall be described in the facility log/recordkeeping file and available for ADEQ review. 

5. Record in the facility log/recordkeeping file the amount of fluid removed, a description 
of the removal method, and other disposal arrangements.  The facility 
log/recordkeeping file shall be maintained according to Section 2.7.2 (Operation 
Inspection/Log/Recordkeeping File).  

6. Within 30 days of discovery of the incident, submit a report to ADEQ as specified in 
Section 2.7.3.  Include a description of the actions performed in Subsections 1 through 5 
listed above.  Upon review of the report, ADEQ may request additional monitoring or 
remedial actions. 

7. Within 60 days of discovery, conduct an assessment of the impacts to the subsoil and/or 
groundwater resulting from the incident.  This assessment may include the installation 
of POC(s) to determine down-gradient groundwater impact from the incident along with 
commencement of groundwater monitoring per Section 4.1, Table 4.1-7.  If soil or 
groundwater is impacted such that it could or did cause or contribute to an exceedance 
of an AQL at the applicable point of compliance, submit to ADEQ for approval, a 
corrective action plan to address such impacts, including identification of remedial 
actions and a schedule for completion of activities.  At the approval of ADEQ, the 
permittee shall implement the approved plan. 

8.  Within 30 days of completion of corrective actions, submit to ADEQ, a written report as 
specified in Section 2.6.6 (Corrective Actions).  

9.   Upon review of the report, ADEQ may amend the permit to require additional 
monitoring, increased frequency of monitoring, amendments to permit conditions, or 
other actions. 

 
2.6.3.2 Overtopping of a Surface Impoundment  
 
If overtopping of fluid from a permitted surface impoundment occurs, and results in an 
unauthorized  discharge pursuant to A.R.S. § 49-201(12), the permittee shall: 

1. As soon as practicable, cease all discharges to the surface impoundment to prevent any 
further releases to the environment. 

2. Within 24 hours of discovery, notify ADEQ Groundwater Protection Value Stream.  
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3. Within 24 hours, collect representative samples of the fluid contained in the surface 
impoundment.  Samples shall be analyzed for the parameters specified in Section 4.1, 
Table 4.1-2C.  Within 30 days of the incident, submit a copy of the analytical results to 
ADEQ Groundwater Protection Value Stream. 

4. As soon as practicable, remove and properly dispose of excess water in the 
impoundment until the water level is restored at or below the appropriate freeboard as 
described in Section 4.1, Table 4.1-3.  Record in the facility log the amount of fluid 
removed, a description of the removal method, and the disposal arrangements.  The 
facility log/recordkeeping file shall be maintained according to Section 2.7.2 (Operation 
Inspection/Logbook/Recordkeeping File). 

5. Within 30 days of discovery, evaluate the cause of the overtopping and identify the 
circumstances that resulted in the incident.  Implement corrective actions and adjust 
operational conditions as necessary to resolve the problems identified in the evaluation.  
Repair any systems as necessary to prevent future occurrences of overtopping. 

6. Within 30 days of discovery of overtopping, submit a report to ADEQ as specified in 
Section 2.7.3.2 (Permit Violation and Alert Level Status Reporting).  Include a description 
of the actions performed in Subsections 1 through 5 listed above.  Upon review of the 
report, ADEQ may request additional monitoring or remedial actions. 

7. Within 60 days of discovery, and based on sampling in Subsection 3 above, conduct an 
assessment of the impacts to the subsoil and/or groundwater resulting from the 
incident. 

8. If soil or groundwater is impacted such that it could cause or contribute to an 
exceedance of an AQL at the applicable point of compliance, submit to ADEQ for 
approval a corrective action plan to address such impacts, including identification of 
remedial actions and/or monitoring, and a schedule for completion of activities.  At the 
direction of ADEQ, the permittee shall implement the approved plan.  

9.   Within 30 days of completion of corrective actions, submit to ADEQ a written report as 
specified in Section 2.6.6 (Corrective Actions).  Upon review of the report, ADEQ may 
amend the permit to require additional monitoring, increased frequency of monitoring, 
amendments to permit conditions, or other actions. 
 

2.6.3.3 Inflows of Unexpected Materials to a Surface Impoundment  
 
The types of materials that are expected to be placed in the permitted surface impoundments 
are specified in Section 2.3 (Discharge Limitations).  If any unexpected materials flow to a 
permitted surface impoundment, the permittee shall:  

1. As soon as practicable, cease all unexpected inflows to the surface impoundment(s).   

2. Within 24-hours of discovery, notify ADEQ Groundwater Protection Value Stream. 

3.  Within five (5) days of the incident, identify the source of the material and determine 
the cause for the inflow.  Characterize the unexpected material and contents of the 
affected impoundment, and evaluate the volume and concentration of the material to 
determine if it is compatible with the surface impoundment liner.  Based on the 
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evaluation of the incident, repair any systems or equipment and/or adjust operations as 
necessary to prevent future occurrences of inflows of unexpected materials. 

4. Within 30 days of an inflow of unexpected materials, submit a report to ADEQ as 
specified in Section 2.7.3.2 (Permit Violation and Alert Level Status Reporting).  Include a 
description of the actions performed in Subsections 1 through 3 listed above.   

5. Upon review of the report, ADEQ may amend the permit to require additional 
monitoring, increased frequency of monitoring, amendments to permit conditions, or 
other actions including remediation. 

 
2.6.3.4 Unexpected Loss of Fluid in the Injection/Recovery Wells at the Well Field 
 
In the event of an unexpected loss of fluid in the injection/recovery wells, such that there is an 
unauthorized discharge of fluids pursuant to A.R.S. § 49-201(12), the permittee shall: 

1. Within 2 hours of discovery cease injection in the affected area and/or adjust flow rates 
at injection/recovery wells until an inward hydraulic gradient is reestablished and excess 
ISCR solutions are recovered necessary to prevent further releases to the environment. 

2. Operate the recovery wells in the affected area until the amount of fluid recovered is in 
excess of the amount of fluid injected during the 24 hour period. 

3. Within 24 hours of discovery, notify ADEQ Groundwater Protection Value Stream. 

4. Inspect relevant components such as injection, recovery lines, pumps, flow meters, flow 
totalizers, pressure gauges, pressure transducers, and other associated facilities. 

5. Verify proper operations of all facilities within the in-situ leach area. 

6. Within 24 hours of discovery, initiate an evaluation to determine the cause for the 
incident.  Identify the circumstances that resulted in the failure and assess the condition 
of the well.  Implement corrective actions as necessary to resolve the problems 
identified in the evaluation.  Initiate repairs to any system, structure, or other 
component as needed to restore proper functioning of the well.  The permittee shall not 
resume injecting or discharging until repairs of any failed structure are performed and 
tested as applicable.  Repair procedures, methods, and materials used to restore the 
system(s) to proper operating condition shall be described in the facility 
log/recordkeeping file and available for ADEQ review.  The facility log/recordkeeping file 
shall be maintained according to Section 2.7.2 (Operation Inspection / Log / 
Recordkeeping File). 

7. Submit a written report within 30 days to ADEQ as specified in Section 2.7.3 (Permit 
Violation and AL Status Reporting) describing the incident and the corrective actions 
taken.  Upon review of the report, ADEQ may require an amendment to the permit to 
require surface, vadose zone or groundwater monitoring, require installation of 
additional POCs, increased frequency of monitoring, remedial actions, amendments to 
permit conditions, or other actions. 

8. Within 30 days of discovery, conduct an assessment of the impacts to the surface, 
vadose zone and/or groundwater resulting from the incident.  If soil or groundwater is 
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impacted, submit to ADEQ, for approval, a corrective action plan to address such 
impacts, including identification of remedial actions and/or monitoring, and a schedule 
for completion of activities.  The corrective action plan shall be submitted within 60 days 
of the incident.  At the direction of ADEQ, the permittee shall implement the approved 
plan. 

 
2.6.4 Aquifer Quality Limit Violation 

1. If an AQL for a pollutant specified in Section 4.1, Table 4.1-6, and Table 4.1-7 is 
exceeded in a POC well, the permittee may conduct verification sampling for those 
pollutant(s) that were above their respective AQL(s) no later than five (5) days after 
learning of the violation.  If verification sampling does not verify the violation, then the 
initial violation shall be reported in the Quarterly Monitoring and Compliance Report 
and no further action shall be required of the permittee for that event. 

2. If verification sampling confirms the violation for those pollutant(s) that were above 
their respective AQL(s), or if the permittee opts not to perform verification sampling, 
then the permittee shall: 
a. Notify ADEQ within five (5) days after confirming or learning of the violation, in 

accordance with Section 2.7.3; 
b. Immediately initiate: (1) a BADCT systems evaluation for the cause of the violation, 

including an inspection of all facilities regulated under this permit and 
corresponding pollution control devices, and a review of any operational or 
maintenance practices that might have resulted in an unexpected discharge; and (2) 
a hydrogeologic assessment of the violation, including groundwater modeling, 
review of groundwater conditions and upgradient water quality, groundwater 
contours, and an inventory of downgradient well users and types of uses; 

c. Increase the frequency of monitoring at the location of the violation to monthly for 
those pollutant(s) that exceeded their respective AQL(s); 

d. Submit a written report based on the investigation within thirty (30) days after 
becoming aware of the violation, in accordance with Section 2.7.3; and 

e. Take actions that may be necessary as a result of the violation under Section 2.6.5. 

3. As part of its written report, the permittee may include a technical demonstration that 
the violation was not caused or contributed to by pollutants discharged from a facility 
regulated under this APP. 

4. Based on the written report, ADEQ may, if necessary: (1) amend the permit to require 
increased frequency of monitoring or additional monitoring; and (2) authorize corrective 
action including measures to control the source of a discharge causing the violation 
(including BADCT correction if necessary); remediate affected soils, surface water or 
groundwater; and mitigate the impact of the violation on existing uses of the aquifer.  
ADEQ’s corrective action authorization may be in the form of an approval under 
Section 2.6.6, an amendment of this permit or approval of a contingency plan. 

5. If the violation continues for sixty (60) days, then the permittee shall notify 
downgradient or downstream users who may be directly affected by the violation. 
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6. If the violation continues for ninety (90) days, then the permittee shall prepare and 
submit for ADEQ approval a hydrogeologic investigation work plan within thirty (30) 
after receiving the laboratory results of the third sampling event. The work plan shall 
assess whether the violation is due to natural or anthropogenic causes and, if exceeded 
values are found to be related to APP-regulated facilities within the mine site or results 
are inconclusive, the nature and extent of the discharge.  This hydrogeologic 
investigation shall become the basis of adjusting permit conditions and/or designing 
corrective action. 

 
2.6.5 Emergency Response and Contingency Requirements for Unauthorized Discharges 
pursuant to A.R.S. §49-201(12) and pursuant to A.R.S. § 49-241 
 
2.6.5.1 Duty to Respond 
 
The permittee shall act immediately to correct any condition resulting from a discharge 
pursuant to A.R.S. § 49-201(12) if that condition could pose an imminent and substantial 
endangerment to public health or the environment. 
 
2.6.5.2 Discharge of Hazardous Substances or Toxic Pollutants 
 
In the event of any unauthorized discharge pursuant to A.R.S. § 49-201(12) of suspected 
hazardous substances (A.R.S. § 49-201(19)) or toxic pollutants (A.R.S. § 49-243(I)) on the facility 
site, the permittee shall promptly isolate the area and attempt to identify the discharged 
material.  The permittee shall record information, including name, nature of exposure, and 
follow-up medical treatment, if necessary, on persons who may have been exposed during the 
incident.  The permittee shall notify the Groundwater Protection Value Stream within 24 hours 
upon discovering the discharge of hazardous material which (a) has the potential to cause an 
AQL to be exceeded, or (b) could pose an endangerment to public health or the environment. 

 
2.6.5.3 Discharge of Non-hazardous Materials 
 
In the event of any unauthorized discharge pursuant to A.R.S. § 49-201(12) of non-hazardous 
materials from the facility, the permittee shall promptly attempt to cease the discharge and 
isolate the discharged material.  Discharged material shall be removed and the site cleaned up 
as soon as possible.  The permittee shall notify the ADEQ Groundwater Protection Value Stream 
within 24 hours upon discovering the discharge of non-hazardous material which (a) has the 
potential to cause an AQL to be exceeded, or (b) could pose an endangerment to public health 
or the environment. 
 
2.6.5.4 Reporting Requirements 
 
The permittee shall submit a written report for any unauthorized discharges reported under 
Sections 2.6.5.2 and 2.6.5.3 to ADEQ Groundwater Protection Value Stream within 30 days of 
the discharge or as required by subsequent ADEQ action.  The report shall summarize the event, 
including any human exposure and facility response activities, and include all information 
specified in Section 2.7.3.  If a notice is issued by ADEQ subsequent to the discharge notification, 
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any additional information requested in the notice shall also be submitted within the time frame 
specified in that notice.  Upon review of the submitted report, ADEQ may require additional 
monitoring or corrective actions. 

  
2.6.6 Corrective Actions 
 
Specific contingency measures identified in Section 2.6 and actions identified in the approved 
contingency plan to be submitted under the Compliance Schedule Section 3.0 have already been 
approved by ADEQ and do not require written approval to implement. 
 
With the exception of emergency response actions taken under Section 2.6.5, the permittee 
shall obtain written approval from the Groundwater Protection Value Stream prior to 
implementing a corrective action to accomplish any of the following goals in response to 
exceeding an AL or violation of an AQL, DL, or other permit condition: 

1. Control of the source of an unauthorized discharge; 

2. Soil cleanup; 

3. Cleanup of affected surface waters; 

4. Cleanup of affected parts of the aquifer; and/or 

5. Mitigation to limit the impact of pollutants on existing uses of the aquifer. 
 

Within 30 days of completion of any corrective action, the permittee shall submit to the ADEQ 
Groundwater Protection Value Stream a written report describing the causes, impacts, and 
actions taken to resolve the problem. 
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Application to Amend Aquifer Protection Permit No. P-101704 
Florence Copper Project 
 
Attachment 12 (Item 19F):  Technical Requirements — Compliance with Aquifer 
Water Quality Standards at the Point of Compliance
 
 
12.1 INTRODUCTION 
 
This Attachment conveys information regarding compliance with aquifer water quality standards 
(AWQS) at the proposed point of compliance (POC) locations in support of the application for significant 
amendment (application) of Aquifer Protection Permit (APP) No. P-101704 requested by Florence 
Copper Inc. (Florence Copper) in accordance with Arizona Administrative Code (A.A.C.) 
R18-9-A211(A)(1).  The information presented in this Attachment is provided in response to Item 19F 
(Compliance with Aquifer Water Quality Standards at the Point of Compliance) of the application form.   
 
The provisions of A.A.C. R18-9-A202.A.6.a require applicants to demonstrate that a facility that is subject 
to permit requirements will not cause or contribute to a violation of an Aquifer Water Quality Standard 
(AWQS) at proposed POCs.  Additionally, the provisions of A.A.C. R18-9-A202(A)(6)(b) prohibit additional 
degradation of an aquifer in relation to any pollutant for which an AWQS is exceeded at the time of 
permit issuance at the POC.  If the latter condition exists, the applicant is required to submit a report 
that provides (1) data from eight or more rounds of ambient groundwater samples collected to 
represent groundwater quality at the proposed POCs, and (2) an Aquifer Quality Limit (AQL) proposal for 
each pollutant that exceeds the AWQS.  Attachment 15 describes the methods that will be used to 
develop Alert Levels (AL) and AQLs for the proposed POCs. 
 
The provisions of A.A.C. R18-9-A202(A)(6) also reference the POC location requirements of Arizona 
Revised Statutes (A.R.S.) § 49-244, which provides that the Arizona Department of Environmental 
Quality (ADEQ) director may approve POC locations other than at the limit of a pollutant management 
area (PMA) if the location at the edge of the PMA is (1) impracticable considering the likely fate or 
transport of a pollutant in an aquifer, or (2) would result in substantially more cost than an alternate 
location.  With respect to the second-mentioned condition, A.R.S. § 49-244(2)(b) provides that no 
alternative location may be approved if it will result in an increased threat to an existing or reasonably 
foreseeable drinking water source, and that alternate locations may be no further down-gradient than 
any of the following: 

 The property boundary; 

 Any point of an existing or reasonably foreseeable future drinking water source; or 

 750 feet from the edge of the PMA.  
 
In response to these requirements, this Attachment provides information that: 

 Demonstrates that the planned in-situ copper recovery (ISCR) operations at the Florence Copper 
Project (FCP) will not cause or contribute to a violation of an AWQS at the proposed POC wells 
identified on Figure 12-1 or cause the increase of a pollutant at a POC well that exceeds the 
AWQS at the time of permit issuance; and  

 Provides justification for proposed POC locations shown on Figure 12-1.  
 



Application for Aquifer Protection Permit Amendment  Attachment 12 (Item 19f): Technical Requirements — Compliance 
Florence Copper Project  with Aquifer Water Quality Standards at the Point of Compliance 
 
 

3 

12.2 DEMONSTRATION OF AWQS COMPLIANCE AT POC WELLS 
 
12.2.1 Proposed ISCR Operations 
 
The information provided below includes a brief description of the proposed ISCR facility and the 
controls designed to prevent discharges that would cause or contribute to AWQS exceedances at POC 
wells.  The planned ISCR facility is described in detail in Attachments 1 and 9.  The Best Available 
Demonstrated Control Technology (BADCT) demonstrations for the planned facilities are provided in 
Attachment 11 and include information showing how the technologies, procedures, and methods 
proposed for the ISCR facility will prevent exceedances of AWQS at POC wells, or exceedances of 
pre-operational concentrations if the pre-operational concentrations exceed AWQS.  The ISCR facility 
contingency plan included in Attachment 13, and monitoring requirements  included in Attachment 15 
ensure that the permitted facilities will be operated in compliance with the requirements of the 
amended APP No. P-101704.   
 
Components of the ISCR facility that are subject to the individual permit requirements of A.R.S. § 49-241 
are the evaporation ponds, runoff pond, pregnant leach solution (PLS) pond, raffinate pond, and the 
injection and recovery wells that will be located in the ISCR well field.  The components have been 
designed and will be constructed, operated, and closed in accordance with requirements set forth in the 
Arizona Mining Guidance Manual (BADCT Manual).  The evaporation ponds, runoff pond, PLS pond, and 
raffinate pond have been designed to meet the prescriptive criteria described in the BADCT Manual.   
 
Florence Copper has proposed an ISCR facility that includes up to 597 injection and recovery wells, 
active at any one time.  The injection and recovery wells have been designed to meet the individual 
criteria of the BADCT Manual for injection wells, as well as the requirements of the Underground 
Injection Control (UIC) regulations.  The UIC regulations require that each injection well meet rigorous 
design and construction standards, and they prohibit a well from being used for ISCR operations unless 
the well has been demonstrated to meet the mechanical integrity tests set forth in the UIC regulations.  
All wells within the ISCR well field that are to be screened in the oxide zone, including the observation 
and special sampling wells, will be required to pass the mechanical integrity tests before ISCR operations 
may begin.  
 
Florence Copper will abandon all non-Class III water wells, test wells, monitoring wells, and coreholes 
within 500 feet of an injection and recovery well prior to commencement of injection.  The wells will be 
abandoned in accordance with the Plugging and Abandonment Plan (Exhibit 16-1) that is included as 
appendix C of UIC Permit R9UIC-AZ3-FY11-1 and requirements of the Arizona Department of Water 
Resources. 
 
The evaporation ponds, PLS pond, and raffinate pond will be equipped with two geomembrane liners 
and a leak collection and removal system (LCRS).  The ponds and LCRS will be inspected daily.  The runoff 
pond will be equipped with a single geomembrane liner and a sump that is equipped with a pump, 
which will be served by a standby electrical generator in case power is lost.  The runoff pond will be 
inspected daily and the liquid level in the sump will be maintained at less than the pump-down level 
except during or following occasions such as rain events or when the pond is receiving runoff from the 
plant area.  The BADCT design elements for each of these ponds are described in Attachment 10. 
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Florence Copper has proposed operating controls for the injection and recovery wells that will ensure 
compliance with APP and UIC regulatory requirements.  The controls include hydraulic control, which is 
designed to ensure that facility operations will not cause or contribute to an AWQS exceedance at POC 
wells by preventing the migration of ISCR solutions beyond the ISCR well field during operations and 
closure.  The controls are further designed to prevent AWQS exceedances at POC wells after closure by 
restoring groundwater quality to the level required by the closure criteria.  The closure criteria require 
restoration of groundwater within the well field to a level that meets AWQS for constituents for which 
AWQS have been established or pre-operational concentrations if the pre-operational concentrations 
exceed the AWQS.   
 
The potential for constituent migration beyond the wellfield will be minimized by restricting injection to 
the area deeper than 40 feet from the top of the oxide zone.  Additionally, injection will be limited to 
periods when hydraulic control is being maintained.  Hydraulic control is a condition defined by an 
inward hydraulic gradient that can be demonstrated along the periphery of the well field.  The inward 
gradient will draw groundwater from the surrounding formation into the well field area, creating a cone 
of depression, and thereby preventing the outward migration of ISCR solutions.  The amended APP No. 
P-101704 will require hydraulic control to be maintained on a daily basis from the time that injection 
begins until ADEQ and USEPA agree that the closure criteria have been met.  The process for meeting 
the closure criteria is described in Attachment 16.    
 
The requirements described above will work together to minimize the likelihood of an excursion of ISCR 
fluids that would potentially cause or contribute to a violation of an AWQS at the proposed POC wells 
identified on Figure 12-1 or cause an increase of a pollutant at a POC well that exceeds the AWQS at the 
time of permit issuance. 
 
12.2.2 Existing Evidence 
 
Testing activities and previous site studies have yielded data and information demonstrating that the 
operation of the proposed ISCR facility as described above will not cause or contribute to an exceedance 
of an AWQS at the POC.   
 
12.2.2.1 Hydraulic Control Test Wells 
 
In 1997, BHP Copper Inc. (BHP Copper) submitted applications to ADEQ and USEPA for permits to 
operate a commercial-scale ISCR facility at the same location presently proposed by Florence Copper.  In 
1997, APP No. 101704 and UIC Permit No. AZ396000001 were issued by ADEQ and USEPA, respectively.  
Both permits required that BHP Copper demonstrate that hydraulic control could be maintained for 
90 days before BHP could commence commercial operations.  Before installing the components 
required for commercial operations, BHP Copper installed a small test facility including a water 
impoundment and a small test field including four injection wells, nine recovery wells, five observation 
wells, and two special sampling wells equipped to collect samples from three intervals.  Although the 
hydraulic control test was successfully completed in February 1998, BHP Copper elected not to construct 
a commercial scale facility.  Hydraulic control was maintained throughout the  rinsing and restoration 
program until December 2001, when Merrill Mining acquired the property and maintained the property 
under the name of Florence Copper Inc. (Merrill).  BHP Copper maintained hydraulic control until 
December 1999 when it was determined that the water quality met the closure criteria set forth in the 
APP No. P-101704 and the UIC Permit No. AZ396000001 (now superseded).  Hydraulic control pumping 
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continued after December 1999 until September 2004 when Merrill requested permission to cease 
pumping.  
 
Groundwater samples were collected for extensive analysis five times between 2000 and 2010 in all 
wells within the hydraulic control test well field.  The data generated from these samples were used to 
support the geochemical model and confirm that groundwater quality can be restored such that 
constituents for which AWQS have been established, either meet the AWQS or pre-operational 
concentrations if the pre-operational concentrations exceed the AWQS.  The data also demonstrate that 
a sulfate concentration of 750 milligrams per liter (mg/L) serves as an adequate threshold for 
determining when groundwater has been restored enough to begin sampling for AWQS compliance.    
 
12.2.2.2 Modeling Results 
 
Exhibit 10-1 includes a report describing a geochemical model that was created by HydroGeoLogica, Inc. 
on behalf of Florence Copper in 2019.  The model was created to simulate the chemical reactions and 
constituents potentially mobilized by the ISCR injection process.  The geochemical model was based on a 
review of the geochemical analyses and model results presented in the 1996 Application and on 
information that had become available since 1996.  The geochemical model represents an update to 
earlier geochemical models prepared by BHP Copper and Schlumberger Water Services, based on newly 
developed data and information.  That information included groundwater data collected from test wells 
during the 1997 hydraulic control test, the subsequent rinsing period, and more recent laboratory 
analyses.  The groundwater data and current geochemical modeling software were used to forecast ISCR 
solutions and to forecast the effects of the rinsing process.  The results of the model generally confirm 
earlier projections that groundwater can be restored to meet closure requirements when restoration 
has reached a point where sulfate concentrations are below 750 mg/L.  
 
Florence Copper prepared and previously submitted groundwater model simulations using a model that 
was developed during 2010 and updated in 2011.  This has been further updated in 2019.  Updated 
information included but was not limited to: data reflecting increased use of the regional aquifers, and 
data reflecting natural changes in the local groundwater table since 1996.  Information from the 
geochemical model described in Exhibit 10C was used with the groundwater model to project the 
discharge impact area (DIA) thirty years after closure.  Attachment 14 includes a discussion of the 
process used to project the DIA and includes figures showing DIA projections for each model layer.  The 
projected DIA formed by a composite of each model layer projection is provided in Attachment 14.  As 
reported in Attachment 14, the DIA projection was based on a conservative set of assumptions.   
 
The model results indicate that ISCR solutions are unlikely to be transported beyond the ISCR well field 
during operations and that transport beyond after the closure criteria have been met, and after 
hydraulic control has been discontinued, will not cause or contribute to violations of the AWQS at POC 
wells.  
 
12.2.2.3 Existing POC Data 
 
A groundwater compliance monitoring program has been conducted in accordance with APP No. 101704 
and UIC Permit No. AZ396000001(now superseded by UIC Permit R9UIC-AZ3-FY11-1) in the fourth 
quarter of 1997 concurrent with the commencement of the BHP Copper hydraulic control test.  ALs and 
AQLs used in that program were based on groundwater data collected in 1996 and in 1997 from 31 wells 
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that were subsequently operated as POC wells.  Data from the compliance monitoring program indicate 
that no exceedance of an AWQS has occurred within the past 21 years as a result of a facility discharge.  
Reports of the results of all POC monitoring events have been submitted to ADEQ and the USEPA on a 
quarterly basis as required by APP No. 101704 and UIC Permit No. AZ396000001 (now superseded by 
UIC Permit R9UIC-AZ3-FY11-1). 
 
A number of false positive AL exceedances were measured at POC wells during the initial phases of the 
quarterly monitoring.  They were attributed to the narrow database originally used to establish the ALs 
in 1997.  A report detailing the problem and proposing adjusted ALs and AQLs was submitted to ADEQ 
on 15 September 1998.  The APP was amended in April 2000 and the amendments included the 
proposed AL and AQL adjustments.   
 
The groundwater data used to calculate the AQLs and ALs approved in the 2000 amendments also 
indicated five metals (antimony, beryllium, cadmium, nickel, and lead) with concentrations above their 
respective AWQS at some POC wells.  Therefore, in accordance with A.A.C. R18-9-A202.A.6.b, the AQLs 
for those five metals were set equal to ambient concentrations at the POC wells where the ambient 
concentrations were higher than the AWQS.  No AL was set for a constituent where the AQL was set 
higher than the AWQS.  Consistent with the APP as issued in 1997 (No. P-101704), the 2000 
amendments did not include an AQL or an AL for nitrate because nitrate was reported to be regionally in 
excess of its AWQS and nitrate is not used in the ISCR process. 
 
12.3 LOCATION OF POC WELLS  
 
The locations of the existing 31 POC wells currently associated with APP No. P-101704 are shown on 
Figure 12-1.  The current POC well locations are listed below.  The locations of the existing and 
replacement POC wells are shown on Figure 12-1. 
 
Table 12-1.  Description of Existing POC Wells. 

Well ID ADWR Registration No. Latitude Longitude 

M1-GL 55-547617 33° 02’ 37” N 111° 25’ 55” W 

M2-GU 55-547814 33° 02’ 37” N 111° 25’ 18” W 

M3-GL 55-547614 33° 02’ 36” N 111° 25’ 18” W 

M4-O 55-547614 33° 02’ 37” N 111° 25’ 18” W 

M6-GU 55-547815 33° 03’ 15” N 111° 26’ 10” W 

M7-GL 55-547611 33° 02’ 37” N 111° 25’ 55” W 

M8-O 55-547612 33° 03’ 15” N 111° 26’ 10” W 

M14-GL 55-549172 33° 03’ 04” N 111° 26’ 13” W 

M15-GU 55-547813 33° 03’ 04” N 111° 26’ 14” W 

M16-GU(R) 55-226469 33° 02’ 50” N 111° 26’ 15” W 

M17-GL 55-556094 33° 02’ 50” N 111° 26’ 13” W 

M18-GU 55-547809 33° 02’ 38” N 111° 25’ 55” W 

M19-LBF 55-555828 33° 03’ 13” N 111° 25’ 50” W 

M20-O(R) 55-226473 33° 03’ 13” N 111° 25’ 53” W 
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Well ID ADWR Registration No. Latitude Longitude 

M21-UBF 55-555823 33° 03’ 12” N 111° 25’ 50” W 

M22-O 55-555832 33° 03’ 04” N 111° 26’ 13” W 

M23-UBF 55-555824 33° 03’ 04” N 111° 26’ 14” W 

M24-O 55-555832 33° 02’ 54” N 111° 26’ 12” W 

M25-UBF 55-555825 33° 02’ 54” N 111° 26’ 13” W 

M26-O 55-555833 33° 03’ 17” N 111° 26’ 03” W 

M27-LBF 55-555827 33° 03’ 17” N 111° 26’ 04” W 

M28-LBF 55-555834 33° 03’ 17” N 111° 26’ 04” W 

M29-UBF 55-555830 33° 03’ 17” N 111° 26’ 03” W 

M30-O 55-555826 33° 03’ 13” N 111° 25’ 38” W 

M31-LBF 55-556090 33° 03’ 13” N 111° 25’ 38” W 

M32-UBF* 55-556091 33° 03’ 4” N 111° 25’ 21” W 

M33-UBF* 55-556092 33° 03’ 13” N 111° 25’ 56” W 

P19-1-O 55-549151 33° 03’ 13” N 111° 25’ 58” W 

O19-GL 55-549150 33° 03’ 13” N 111° 25’ 58” W 

P49-O 55-549181 33° 02’ 42” N 111° 26’ 06” W 

O49-GL 55-549180 33° 02’ 42” N 111° 26’ 07” W 
*Wells will be abandoned in accordance with Arizona Department of Water Resource rule A.A.C. R12-15-816 for reasons 
described in Section 1.1. 

Two of the existing POC wells (M32-UBF and M33-UBF) have gone dry due to changes in the regional 
water table.  POC wells M32-UBF and M33-UBF were originally planned to be adjacent to process 
solution ponds and evaporation ponds contemplated in the 1997 APP permit application.  Florence 
Copper herein proposes to: 

1. Replace POC well M32-UBF with a new POC well re-located to be adjacent to the planned and 
re-designed evaporation ponds.   

2. Replace POC well M33-UBF with a new POC well re-located to be adjacent to the process 
solution ponds and runoff pond to be located at the planned beneficiation facility.   

3. Incorporate existing POC well M52-UBF into APP No. P-101704, which is currently active under 
APP No. P-106360.  This POC well was sited to be adjacent to the Production Test Facility water 
impoundment. 

4. Establish new ALs and AQLs at replacement wells M32-UBF and M33-UBF because the new 
locations will be more than 50 feet away from the original location, and both wells have been 
dry since 1997. 

5. Incorporate existing ALs and AQLs at POC well M52-UBF, which is active under APP 
No. P-106360. 

6. Abandon both POC M32-UBF and POC M33-UBF in accordance with ADWR regulations and UIC 
permit requirements upon approval from ADEQ in conjunction with the requested amendment 
of APP No. P-101704. 
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A construction diagram for new POC well M52-UBF is provided in Exhibit 12-1. 
 

Name ADWR Registration No. Latitude Longitude 

M52-UBF 55-226788 33° 03’ 10” N 111° 25’ 24” W 
 
Well drilling and construction details for proposed POC well M52-UBF are provided below. 
 

Replacement POC Well M52-UBF 
ADWR NOI and Well Completion Report Exhibit 1-2 
As-Built diagram Exhibit 12-1 
Total depth of well measured after installation 275 feet 
Depth to static groundwater 235 feet 
Top of well casing elevation 1485.04 feet amsl (NAD88) 
Ground surface elevation 1483.43 feet amsl (NAD88) 
Description of well drilling method Conventional mud rotary 
Description of well development method Airlift/Pump 
Dedicated sampling equipment installed, details on the 
equipment and at what depth the equipment was 
installed 

Low flow pumping 
equipment installed 

ADWR = Arizona Department of Water Resources 
amsl = above mean sea level 
NAD = North American Datum 
NOI = Notice of Intent 

 
Abandonment details and ADWR forms for M32-UBF and M33-UBF will be provided upon the 
abandonment of those wells. 
 
All existing and proposed POC wells described above are located at the PMA boundary  in accordance 
with A.R.S. § 49-244 (1).   All of the existing and proposed POC wells are located on Florence Copper 
property or on State Land leased by Florence Copper and are shown on Figure 12-1 together with the 
proposed PMA, and  the planned discharging facilities.  
 
 
12.4 PROPOSED PMA 

Figure 12-1 shows the proposed PMA for the planned ISCR well field and related discharging facilities at 
the FCP site.  As shown on Figure 12-1, the portion of the proposed PMA surrounding the planned ISCR 
wellfield lies within the aquifer exemption boundary established by EPA’s UIC Permit No. AZ396000001 
(now superseded) and incorporated into the current UIC permit for the FCP site (No. R9UIC-AZ3-FY11-1).  
Figure 12-1 is provided in accordance with Arizona Administrative Code (A.A.C.) R18-9-A202(A)(4)(c), 
which requires a map outlining the PMA.  The proposed PMA  conforms to the requirements stated in 
Arizona Revised Statutes (A.R.S.) § 49-244.1.        
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The PMA is defined in A.R.S. § 49-244.1 as follows: 

“The pollutant management area is the limit projected in the horizontal plane of the 
area on which pollutants are or will be placed.  The pollutant management area includes 
horizontal space taken up by any liner, dike or other barrier designed to contain 
pollutants in the facility.  If a facility contains more than one discharging activity, the 
pollutant management area is described by an imaginary line circumscribing the several 
discharging activities.” 

Consequently, the proposed PMA includes the limit projected in the horizontal plane of the area on which 
pollutants are or will be placed and any horizontal space taken up by any liner, dike, or other barrier 
designed to contain pollutants in the facility. 

The descriptions of the horizontal space taken up by any liner or dike apply to structures that might be 
constructed at ground surface for containment of materials regulated under the APP program such as the 
water impoundments, PLS pond, raffinate pond, and runoff pond.  Appropriate barriers for subsurface 
containment of solutions generated by “In-Situ Leaching,” such as the planned ISCR operations, are 
described in the Mining BADCT Manual.  Section 3.4.5.3.1 of the BADCT Manual describes the barrier that 
must be applied to in-situ mining applications as “Pumping to create a cone of depression to contain, 
capture and recycle solutions.  Recovery wells should be pumped at a rate greater than the injection rate 
in order to maintain a cone of depression.”  “Cone of depression” is defined in the BADCT Manual (Part 5 
– Glossary of Technical Terms) as “The depression produced in a water table or piezometric surface by 
pumping.”  Section 1.2.4.6 (Barriers) of the BADCT Manual contains an additional explanation of hydraulic 
barriers, including the cone of depression barrier used to contain in-situ leach solutions:    
  

Hydraulic barriers (e.g., dewatered open pits, or quarries) and physical barriers (e.g., pit 
walls, quarries, subsidence zones, or slurry walls) can function as downgradient 
interceptors of groundwater flows, seepage in the unsaturated zone and/or surface 
flows. For example, steeply sloping surfaces, depressions or openings created by open 
pit or underground mining can function as downgradient interceptors of lateral seepage 
from a facility.  Cones of depressions in groundwater or slurry walls can be used to 
contain In-situ leach solutions.  

 

In addition to circumscribing the impoundments and ponds, the proposed PMA incorporates a horizontal 
space beyond the edge of the planned ISCR well field which contains the central portion of the cone of 
depression which is the appropriate barrier for ISCR operations.  The proposed PMA shown on Figure 12-
1 is formed by a line narrowly drawn to connect the outline of the planned water impoundments, 
proposed PLS pond, proposed raffinate pond, proposed runoff pond, existing BHP water impoundment, 
existing PTF water impoundment, existing PTF runoff pond, and a line  connecting existing POC wells 
encompassing the planned ISCR well field.  The existing PTF well field is located entirely within the planned 
ISCR well field and is consequently within the PMA line circumscribing the planned ISCR well field.  The 
proposed PMA was developed in compliance with A.R.S. § 49-244.1 and guidance provided in the BADCT 
Manual for in-situ leaching applications. 
 
 



 

 

FIGURE 
Existing and Proposed POC Locations 
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Exhibit 12-1 
Well M52-UBF Construction Details 
Proposed Design for Well M32-UBF 
Proposed Design for Well M33-UBF 

  



 

 

Well M52-UBF Construction Details 
  



187 FEET

197 FEET

LOCKING WELL VAULT

2.7 FOOT MONUMENT STICKUP

1.85 FOOT CASING STICKUP

2 FEET

CONCRETE PAD

40 FEET

274 FEET

280 FEET

UPPER BASIN

 FILL UNIT (UBFU)

198 FEET

17.5-INCH BOREHOLE

14-INCH O.D. STEEL SURFACE 
CASING, CEMENTED WITH TYPE V 
CEMENT

SCHEDULE 80 PVC CASING (5.56-INCH 
O.D., 4.81-INCH I.D.)

CEMENT-BENTONITE GROUT

10.625-INCH BOREHOLE

FINE SAND + BENTONITE

NO. 8-12 SILICA SAND AND FILTER PACK

LOW FLOW PUMP

SCHEDULE 80 PVC SCREEN (5.56-INCH 
O.D., 4.81-INCH I.D. WITH 0.020-INCH 
WIDE SLOTS)

PVC ENDCAP

E
:
\
P

R
O

J
E

C
T

S
\
F

L
O

R
E

N
C

E
 
C

O
P

P
E

R
\
C

A
D

\
A

S
-
B

U
I
L

T
S

\
M

O
N

I
T

O
R

I
N

G
 
W

E
L

L
S

\
M

5
2

-
U

B
F

_
W

E
L

L
D

E
S

I
G

N
_

A
S

B
U

I
L

T
.
D

W
G

M
O

B
I
N

I
,
 
G

I
T

A
M

5
2

-
U

B
F

8
/
3

1
/
2

0
1

8
 
2

:
3

2
 
P

M
L

a
y
o

u
t
:

P
r
i
n

t
e

d
:

PRODUCTION TEST FACILITY

FLORENCE COPPER, INC.

FLORENCE, ARIZONA

M52-UBF

POINT-OF-COMPLIANCE WELL

AS-BUILT DIAGRAM

SCALE: NOT TO SCALE 
June 2019

NOTES
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Application to Amend Aquifer Protection Permit No. P-101704 
Florence Copper Project 
 
Attachment 15 (Item 19I):  Technical Requirements – Detailed Proposal 
Indicating Alert Levels, Discharge Limitations, Aquifer Quality Limits, Monitoring 
Requirements, and Compliance Schedule Items
 
 
This Attachment conveys information describing proposed alert levels (AL) discharge limitations, aquifer 
quality limits (AQL), monitoring requirements, and compliance schedule items in support of the 
application for significant amendment (application) of Aquifer Protection Permit (APP) No. P-101704 
requested by Florence Copper Inc. (Florence Copper) in accordance with Arizona Administrative Code 
(A.A.C.) R18-9-A211(A)(1).  The information presented in this Attachment is provided in response to 
Item 19I (Alert Levels, Discharge Limitations, Aquifer Quality Limits, Monitoring Requirements, and 
Compliance Schedule Items) of the application form. 
 
15.1 INTRODUCTION 
 
Quarterly groundwater monitoring has been conducted consistently at the Florence Copper Project 
(FCP) site since 1997.  Groundwater monitoring has been conducted at 31 Point of Compliance (POC) 
wells originally installed in 1995 by BHP Copper Inc. (BHP Copper; a previous site owner).  The 
monitoring wells were installed to monitor compliance with Aquifer Water Quality Standards (AWQS) in 
accordance with Arizona Revised Statutes (A.R.S.) 49-243(B)(2) and 49-244.  BHP Copper constructed 
and operated a small-scale test facility but did not construct the majority of the facilities contemplated 
by APP No. P-101704.  BHP Copper conducted monthly groundwater sampling and analysis for 
12 consecutive months from May 1995 to May 1996 at each of the 31 POC wells on the FCP property.  
The results of this sampling constituted the ambient background used to originally establish ALs for APP 
No. P-101704.  Full-scale in-situ copper recovery (ISCR) operations have never been conducted at the 
FCP site and, other than the small-test facility, no construction or discharging activities were conducted 
under APP No. P-101704 at the FCP site.   
 
Shortly after quarterly monitoring began in 1997, 2 of the 31 POC wells (M32-UBF and M33-UBF) went 
dry due to regionally declining groundwater levels.  The two POC wells were originally located to 
monitor for potential effects associated with surface facilities that BHP Copper had proposed to 
construct but were never constructed.  Those facilities were a water impoundment and a solvent 
extraction/electrowinning (SX/EW) plant with associated ponds.  Accordingly, the POC wells were 
screened in the upper portion of the underlying aquifer in native alluvial materials identified as the 
Upper Basin Fill Unit (UBFU), down-gradient of the proposed surface facilities.  Because the facilities 
were never constructed, POC wells M32-UBF and M33-UBF were not replaced.  Attachment 12 of this 
application includes a proposal to replace these POC wells and to locate the replacement wells adjacent 
to the redesigned discharging facilities they originally intended to monitor. 
 
In 2016, the Arizona Department of Environmental Quality (ADEQ) issued APP No. P-106360 which 
permitted construction and operation of discharging facilities associated with a pilot-scale ISCR facility 
referred to as the Production Test Facility (PTF).  The PTF facilities became active in December 2018.  
APP No. P-106360 includes seven POC wells designed to monitor compliance with AWQS down gradient 
of the PTF discharging facilities.  The PTF discharging facilities are listed in Attachment 1.  The POC wells 
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utilized under APP No. P-106360 include four of the active POC wells associated with APP No. P-101704 
(M14-GL, M15-GU, M22-O, and M23-UBF), and three additional POC wells (M52-UBF, M54-LBF, and 
M54-O).  The AL values used for the POC wells shared between the two APP permits are the values 
originally established for those wells by APP No. P-101704, with the exception of constituents with 
AWQS values.  The ALs for constituents with AWQS values were reset under APP No. P-106360 to be 
80 percent of the AWQS value, unless the background values were higher than AWQS.  Consequently, 
POC wells M14-GL, M15-GU, M22-O, and M23-UBF have two separate values for several of the 
constituents with AWQS values under the two APP permits. 

Florence Copper herein proposes to: use 29 of the existing 31 POC wells currently associated with APP 
No. P-101704, with amendment of selected ALs; re-locate and replace the two POC wells that have gone 
dry; and, to incorporate one additional POC well from APP No. P-106360 into APP No. P-101704.  This 
proposal includes the use of 32 POC wells to monitor compliance with AWQS in the UBFU, Lower Basin 
Fill Unit, and Bedrock Oxide Unit both up gradient and down gradient of the planned discharging 
facilities authorized under APP No. P-106360. 

15.2 EXISTING ALERT LEVELS AND AQUIFER QUALITY LIMITS 

Existing ALs and AQLs assigned to POC wells monitored under APP No. P-101704 are listed in Table 4a of 
Exhibit 15-1.  With exception of the AL for sulfate at POC well M1-GL, and constituents with AWQS 
values established, Florence Copper proposes that these same ALs and AQLs be used in the amended 
APP No. P-101704.  The proposed amendments to the existing ALs and AQLs are described below. 

15.3 PROPOSED AMENDMENTS TO EXISTING ALERT LEVELS AND AQUIFER QUALITY LIMITS 

Florence Copper herein proposes that the ALs listed in Tables 4.5 and 4.6 of APP No. P-101704 be 
amended to reflect changes in the sulfate concentration at one POC well, and to revise ALs for 
constituents with AWQS values to 80 percent of the AWQS value unless the background value is higher 
than the AWQS.  These wells and the analytes for which changes are proposed are listed in Table 4b of 
Exhibit 15-1.  

The amendments of the sulfate AL at POC well M1-GL is proposed because the concentration of sulfate 
at that POC well has been slowly increasing over a period of years.  The increase is not attributable to 
any known discharge at the site and is up gradient or cross gradient of the discharging facilities 
previously constructed and operated by BHP Copper.  The change appears to be related to natural 
background conditions.  The amendment of ALs with AWQS values is proposed to bring the existing AL 
values in-line with current ADEQ policy. 

As described above, Florence Copper proposes to replace two POC wells at different locations.  Florence 
Copper plans to conduct quarterly groundwater quality monitoring to collect ambient background data 
for the two new wells, which will be used to establish ALs and AQLs at these locations.  Florence Copper 
will then request further amendments to Tables 4.5 and 4.6 of APP No. P-101740 to incorporate those 
ALs and AQLs. 
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Florence Copper proposes to use existing POC well M52-UBF, which is active under APP No. P-106360, 
for monitoring under APP No. P-101704.  A proposal describing the calculation method for establishing 
proposed ALs and AQLs for POC well M52-UBF is included herewith as Exhibit 15-2. 
 
15.4 DISCHARGE LIMITATIONS 
 
The current version of APP No. P-101704 includes discharge limitations that do not currently authorize 
the operation of any ISCR operations to take place at the facilities covered by the permit.  Florence 
Copper herein proposes to amend the discharge limitations to authorize ISCR operations using the 
discharging facilities identified in Attachment 1. 
 
In accordance with A.R.S. §§ 49-201(14) and 49-243 and A.A.C. R18-9-A205(B), Florence Copper 
proposes to operate and maintain all permitted facilities listed below to prevent unauthorized 
discharges pursuant to A.R.S. §§ 49-201(12) resulting from failure or bypassing of Best Available 
Demonstrated Control Technology (BADCT) pollutant control technologies including liner failure, 
uncontrollable leakage, overtopping (e.g., exceeding maximum storage capacity defined as a fluid level 
exceeding the crest elevation of a permitted impoundment), berm breaches, accidental spills, or other 
unauthorized discharges.   
 
15.4.1 In-Situ Area Injection and Recovery Well Block 
 
Hydraulic control over the injected solutions shall be maintained during the operating life of the facility.  
In-situ solutions shall be injected within the oxide unit. 
 
15.4.2 Pregnant Leach Solution Pond 
 
The pregnant leach solution (PLS) pond shall be used to store PLS solution and direct precipitation. 
 
15.4.3 Raffinate Pond 
 
The raffinate pond shall be used to store raffinate solution and direct precipitation. 
 
15.4.4 Runoff Pond 
 
The runoff pond shall be used to capture direct precipitation; stormwater runoff from the roofs of 
on-site structures, cathode storage slab, and concrete apron around the SX/EW building; fire sprinkler 
water or process solutions that may enter or overflow the SX/EW building floor sump; any spills or wash 
down from these areas; and process upset events.   
 
15.4.5 Water Impoundments 
 
The water impoundments shall be used to store neutralized solutions and resulting sediments, and 
direct precipitation. 
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15.5 MONITORING REQUIREMENTS 
 
All monitoring required in this permit shall continue for the duration of the permit, regardless of the 
status of the facility.  Monitoring shall commence the first full monitoring period following permit 
effective date or at a frequency specified by the permit.  All sampling, preservation, and holding times 
shall be in accordance with currently accepted standards of professional practice.  Trip blanks, 
equipment blanks, and duplicate samples shall also be obtained, and chain-of-custody procedures shall 
be followed, in accordance with currently accepted standards of professional practice.  Copies of 
laboratory analyses and chain-of-custody forms shall be maintained at the permitted facility.  Upon 
request, these documents shall be made immediately available for review by ADEQ personnel. 
 
15.5.1 Discharge Monitoring 
 
Discharge monitoring shall be conducted on a one-time basis at the PLS pond, raffinate pond, water 
impoundment, and runoff pond within 120 days of initial ISCR start-up in order to allow for accurate 
representation of process solutions.  Initial discharge monitoring of the underground workings shall be 
conducted at the shaft location prior to ISCR operations conducted within 500 feet of any part of the 
under workings.  Continued discharge monitoring of the underground workings shall also occur during 
the injection phase at least 6 months after ISCR operations have commenced within 500 feet of the 
underground workings, and 1 month after the rinsing phase has been completed.  Discharge monitoring 
sampling parameters shall be the Level 1 and Level 2 parameters listed in the permit.  Results of the 
discharge monitoring shall be submitted to the Groundwater Protection Value Stream within 30 days 
from receipt of the laboratory analytical results.  
 
15.5.2 Facility / Operational Monitoring 

 
15.5.2.1 ISCR Wellfield Area 
 
Design, construction, testing (mechanical integrity), and operation of injection and recovery wells shall 
follow U.S. Environmental Protection Agency (USEPA) Class III rules (Code of Federal Regulations Title 40 
Part 146).  The maximum injection rate shall be no greater than 60 gallons per minute (gpm) per 
injection well as a monthly average.  The maximum fracture pressure shall be no greater than 
0.65 pounds per square inch per foot (psi/ft) of depth.  Hydraulic control shall be maintained at all times 
within the ISCR well field by pumping recovery wells at a rate greater than the injection rate in order to 
maintain a cone of depression that extends at least 500 feet from the in-situ area injection and recovery 
well block.  The injection and extraction volumes shall be metered at the well heads, monitored daily, 
and recorded.  All boreholes or wells, other than those approved for the ISCR operations, located within 
500 feet of the ISCR well field boundary shall be plugged and abandoned per Arizona Department of 
Water Resources rules and USEPA Underground Injection Control (UIC) regulations prior to 
commencement of ISCR operations.  During closure of the ISCR well field, all operational wells shall be 
plugged and abandoned per the above regulations. 
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Proposed monitoring requirements for the ISCR well field area include: 

 No leakage from pipelines, manifolds, or well heads; and 

 Initiate subsidence/fissure monitoring program. 
 
Proposed BADCT/operational monitoring for the ISCR well field is presented in Table 15-1. 
 
15.5.2.2 PLS Pond 
 
The PLS pond will have internal and external side slopes of 2.5 feet horizontal to 1.0 feet vertical 
(2.5H:1V) and maintain a minimum of 2 feet of freeboard.  The PLS pond will be designed as a double-
liner system and include a leak collection and removal system (LCRS).  The liner system consists of, from 
bottom to top, a compacted sub-grade (foundation) with liner bedding, 60-mil high-density polyethylene 
(HDPE) secondary liner, geonet, and 60-mil primary liner.  The LCRS will be equipped with a sump 
located at the lowest elevation of the pond, a sump pump to remove accumulated liquids, and an alarm 
system for fluid detection. 
 
Proposed monitoring requirements for the PLS pond include: 

 Daily inspection; 

 Maintain 2 feet of freeboard; 

 All discharge and sump pumps operational; 

 No substantial erosion, subsidence, or cracking; 

 No evidence of seepage or other damage to berms; 

 No visible cracks or damage to liner; and 

 Full access to leak detection system maintained. 
 
15.5.2.3 Raffinate Pond 
 
The water impoundments will have internal and external side slopes of 2.5H:1V and maintain a 
minimum of 2 feet of freeboard.  The raffinate pond will be designed as a double-liner system and 
include a LCRS.  The liner system consists of, from bottom to top, a compacted sub-grade (foundation) 
with liner bedding, 60-mil HDPE secondary liner, geonet, and 60-mil primary liner.  The LCRS will be 
equipped with a sump located at the lowest elevation of the pond, a sump pump to remove 
accumulated liquids, and an alarm system for fluid detection. 
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Proposed monitoring requirements for the raffinate pond include:  

 Daily inspection; 

 Maintain 2 feet of freeboard; 

 All discharge and sump pumps operational; 

 No substantial erosion, subsidence, or cracking; 

 No evidence of seepage or other damage to berms; 

 No visible cracks or damage to liner; and 

 Full access to leak detection system maintained. 
 
15.5.2.4 Runoff Pond 
 
The runoff pond will have internal and external side slopes of no less than 2.5H:1V; and the pond shall 
maintain 2 feet of freeboard.  The runoff pond will be designed with a single liner that includes an 
engineered compacted sub-grade foundation and 60-mil HDPE geomembrane liner.  The runoff pond 
will incorporate a sump with pump along with fluid-level detection equipment.  When fluid is detected 
above the level set-point, the pump will transfer fluid out of the runoff pond to the water 
impoundment. 
 
Proposed monitoring requirements for the runoff pond include: 

 Weekly inspection; 

 Maintain 2 feet of freeboard; 

 Spillway clear of sediment or obstructions;  

 No visible cracking or damage to liner; 

 No operational damage to enclosure wall; 

 All pumps operational; 

 Backup power supply operational; 

 No ponding of spilled material in pond and sumps; 

 Sediment deeper than 1 inch deep removed from sumps; and 

 Fluids in sumps maintained at less than pump-down levels. 
 
15.5.2.5 Water Impoundments 
 
The water impoundments will have internal and external side slopes of 2.5H:1V and maintain a 
minimum of 2 feet of freeboard.  The water impoundments will be designed as a double-liner system 
and include a LCRS.  The liner system consists of, from bottom to top, a compacted sub-grade 
(foundation) with liner bedding, 60-mil HDPE secondary liner, geonet, and 60-mil primary liner.  The 
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LCRS will be equipped with a sump located at the lowest elevation of the pond, a sump pump to remove 
accumulated liquids, and an alarm system for fluid detection. 
 
Proposed monitoring requirements for the water impoundments include: 

 Daily inspection; 

 Maintain 2 feet of freeboard; 

 All discharge and sump pumps operational; 

 No substantial erosion, subsidence, or cracking; 

 No evidence of seepage or other damage to berms; 

 No visible cracks or damage to liner; and 

 Full access to leak detection system maintained. 
 
15.5.3 Groundwater Monitoring and Sampling  
 
Florence Copper will conduct groundwater monitoring in accordance with established procedures 
currently included in Section 2.5 of APP No. P-101704.  No amendments are proposed to Section 2.5 of 
the permit.  
 
15.5.3.1 Protection of Downgradient Uses – Arsenic 
 
For purposes of this permit, ADEQ has established a use protection level (UPL) for arsenic of 
0.01 milligrams per liter, consistent with USEPA’s primary drinking water standard for arsenic.  The 
northwest corner of the State Mineral Lease Land has been conservatively designated as the down-
gradient point at which the arsenic UPL will be applied.  Florence Copper will establish an AL for arsenic 
for POC wells M14-GL, M15-GU, and M22-O, which are located between the ISCR well field and the 
northwest corner of the State Mineral Lease land.  The AL will be established through consideration of 
fate and transport of arsenic in groundwater to ensure that the UPL is not exceeded at the northwest 
corner of the State Mineral Lease land. 
 
15.5.3.2 BADCT Monitoring Wells (Non-POC) 
 
A total of seven operational monitoring wells (supplemental monitoring well, or non-POC wells) were 
used to verify performance of BADCT controls applied at the PTF ISCR well field, constructed and 
operated as authorized under APP No. P-106360.  The purpose of these wells was to demonstrate that 
the BADCT implemented at the ISCR well field was effective at maintaining hydraulic control of the 
injected solutions.  The operational monitoring wells were used to monitor the cone of depression and 
groundwater quality.  The operational monitoring wells demonstrated that the cone of depression does 
serve as a barrier to contain injected solutions and provided information that has been used in the 
conceptual development of the planned full-scale ISCR well field.  No operational monitoring wells are 
proposed for the full-scale ISCR well field. 
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Although Florence Copper does not currently propose any operational monitoring wells, they will 
maintain the option to install them in the future if they prove to be necessary to define areas of 
ambiguous hydraulic gradient.  If groundwater contour maps around the exterior of the ISCR well field 
show an inward groundwater gradient between the POC wells and recovery wells or perimeter wells, 
with a head separation of 1 foot or more, no additional operational monitoring wells are deemed 
necessary.   
 
15.5.3.3 Observation Wells 
 
Florence Copper will install observation wells which are sited at locations to provide data demonstrating 
the inward hydraulic gradient and to support fluid electrical conductivity monitoring.  The observation 
wells will be used together with recovery or perimeter wells and POC wells to generate potentiometric 
surface maps.   
 
Observation wells will be sited on the same spacing and grid pattern as the injection and recovery wells 
in the ISCR well field.  Observation wells will use the same design as the injection and recovery wells and 
will be converted to injection and/or recovery wells as development of the ISCR well field progresses.  
Observation wells constructed at the edge of the ISCR well field area may use a single screen interval to 
economize well construction.  Proposed observation well construction details are presented in 
Attachment 9. 
 
15.5.3.4 Multi-Level Wells 
 
Multi-level monitoring wells were used to collect data regarding solution movement through the PTF 
well field for the purpose of obtaining process solution chemistry between injection and recovery wells 
to support operational planning.  The multi-level sampling wells were constructed to UIC Class III well 
standards, and mechanical integrity test data was reported for the wells.  Otherwise, no compliance or 
BADCT related data were collected at the multi-level sampling wells.  The multi-level sampling wells 
were constructed for operational monitoring only and were not used for any compliance purpose at the 
PTF.  Consequently, no multi-level sampling wells are proposed for the planned ISCR well field 
development. 
 
15.5.3.5 Ambient LBFU Bulk Electrical Conductivity  
 
During PTF ISCR operations, an array of electrodes was installed at the seven observation wells at the 
periphery of the PTF well field for the purpose of monitoring bulk conductivity of the formation above 
the injection zone within the footprint of the well field, and to demonstrate that the hydraulic control 
BADCT was effective.  The array consisted of four electrodes installed at each of the seven wells, for a 
total of 28 electrodes.  The electrodes were energized weekly to identify changes in conductivity within 
the formations above the injection zone.  The array was installed with the PTF wells, and background 
data was collected for a period of 30 days prior to the commencement of injection.   
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When each electrode is energized, a current is passed to each of the other electrodes, yielding data on 
the resistivity/conductivity of all the materials between the electrodes and along the current path.  The 
materials between the electrodes include rock, water, embedded well casings, and other materials.  The 
resistivity/conductivity is directly proportional to the mineral content of water filling the pore space in 
the rock.  The higher the mineral content, the lower the resistivity will be, and the higher the 
conductivity will be.  This method is useful for tracking fluid movement because the injection solution is 
designed to dissolve mineral and will be less resistive/more conductive than native groundwater.  This 
geophysical method is, however, very sensitive to environmental changes such as temperature, 
humidity, thunderstorms, the distance between electrodes, and stray electrical current. 
 
Collection and analysis of the background dataset is key to establishing the ALs for the monitoring 
method given the sensitivity to environmental factors.  For PTF operations, Florence Copper was able to 
install the well field and the bulk conductivity monitoring array and collect background data while the 
well field was dormant.  No additional wells were added after the background data was collected, and 
the well field footprint and activities have remained static since that time.  The only changes within the 
PTF well field since the background bulk conductivity data were collected have been the 
commencement of injection and recovery operations. 
 
By contrast, the full-scale ISCR operation will include a well field that is changing throughout its 
operational life.  Additional wells will be added; wells will change from observation to injection and 
recovery uses as the well field expands; and new electrical infrastructure will be added (energized 
cables, switch gear, and power distribution components).  As the well field expands, the distance 
between electrodes placed at the outer edge of the well field will increase rendering the pre-operational 
data unrepresentative of the changed conditions.  New baseline data cannot be collected during well 
field operations.  Baseline bulk electrical conductivity data generated prior to ISCR operations will be 
representative of conditions during subsequent well field development, and therefore bulk conductivity 
monitoring of the type conducted at the PTF is not suitable for the full-scale ISCR operations.  The bulk 
conductivity monitoring conducted at the PTF well field has served to demonstrate that the hydraulic 
control method applied as BADCT to prevent vertical migration of injected fluids is effective.  The bulk 
conductivity monitoring conducted at the pilot scale PTF well field is not feasible to conduct at the 
full-scale ISCR well field.  Consequently, Florence Copper does not propose to conduct bulk conductivity 
monitoring during full-scale ISCR operations. 
 
Florence Copper proposes to use the same method to establish and maintain hydraulic control as that 
used for the pilot scale PTF ISCR well field.  Specifically, as described herein and in Attachment 11, 
Florence Copper will establish and maintain hydraulic control by extracting more fluid than is injected by 
volume, thereby creating a cone of depression that will result in an inward groundwater flow gradient.  
Florence Copper will monitor for potential vertical migration of injected fluids using annular conductivity 
devices (ACD) on each of the injection, recovery, and observation wells in the ISCR well field.  ACD 
monitoring is currently conducted at the PTF well field under the terms of APP No. P-106360.  At the PTF 
well field, ACD monitoring is conducted at the seven observation wells and four multi-level sampling 
wells.  The ACDs cannot be installed on wells with steel casing because the steel casing serves as a 
conductor to complete the monitoring circuit, thereby defeating the monitoring.  The proposed 
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full-scale ISCR well field will feature injection, recovery, and observation wells completed with fiberglass 
casing, thereby allowing the broader use of ACDs for monitoring within the well field.  The increased 
number of ACDs installed in the full-scale well field will provide expanded monitoring capability to 
detect vertical migration of injected fluids, should any occur. 
 
15.6 COMPLIANCE SCHEDULE 
 
No compliance schedule items are proposed with the requested significant amendment of APP 
No. P-101704. 
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Table 15-1.  Proposed In-Situ Well Field Area BADCT Monitoring 

Parameter Wells Monitored Monitoring 
Frequency Alert Level Method Reporting 

Frequency 
Injection Rate 
of well field All injection wells Monthly 

average 
When greater than 

12,650 gpm Flow Meter Monthly 

Recovery Rate 
of well field All recovery wells Monthly 

average 

When less than 
106% of injection 

rate 
Flow Meter Monthly 

Recovered 
Volume to 
Injection 
Volume 

Comparison of all 
injection wells 

and all recovery 
wells 

Daily 
Recovered volume 

is less than 
injected volume 

Flow Meter Weekly 

Inward 
Hydraulic 
Gradient 

Four triplets 
consisting of one  
recovery well or 
perimeter well, 
one observation 

well, and one 
POC well 

Daily average 

Less than 1-foot 
differential as a 

daily average 
between the 

recovery well and 
the POC well 

Transducer Weekly 

Maximum 
Injection 
Pressure 

All injection wells Daily When greater than 
0.65 psi/ft 

Pressure 
Gauge Weekly 

Well Bore 
Electrical 

Conductivity 

Measured at 
sensors installed 
above MFGU on 

All injection, 
recovery, and 

observation wells 

Quarterly 
Current value 
greater than 

previous value 

Annular 
Conductivity 

Device 
Quarterly 

Fluid Electrical 
Conductivity 

Comparison of 
fluid sample 

collected from all 
observation wells 

and nearest 
injection well 

Daily 

Observation well 
conductivity equal 
to or greater than 

injection well 
conductivity 

Fluid Sample Quarterly 

Cone of 
Depression 

Potentiometric 
surface map 

compiled using 
water levels 

measured at all 
perimeter wells, 

observation 
wells, and POC 

wells completed 
in the oxide 

Compiled 
Monthly 

Groundwater 
elevation at 

downgradient 
edge of PMA 

boundary lower 
than groundwater 

elevation at the 
downgradient ISCR 

observation well 

Potentiometric 
Surface Map Quarterly 
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INTRODUCTION 
Groundwater monitoring is performed at 29 wells under the Sitewide Aquifer Protection Permit 
(APP) No. P-101704, issued by the Arizona Department of Environmental Quality (ADEQ), which 
permitted the historic pilot test at the Florence Copper Inc. facility (Facility). Alert levels (ALs) 
and aquifer quality limits (AQLs) for the monitoring network were developed in 1995 and 
revised in 2000.     

As part of the Significant Amendment of June 2019 to expand P-101704 to perform full-scale in-
situ mining activities, Florence Copper is requesting to: 
• Revise the AL for sulfate in M1-GL to account for natural changes to the groundwater 

conditions. 
• Revise ALs based on the current permit-described methodology which sets a minimum alert 

level at 80% of an aquifer water quality standard (AWQS). 

The current Underground Injection Control Permit (UIC) R9UIC-AZ3-FY11-1, issued by the 
United States Environmental Protection Agency (USEPA), does not include the original 
29 monitoring wells, which were part of the previous UIC permit No. AZ396000001. The ALs and 
AQLs of the previous permit were the same as those of the Sitewide APP P-101704.   

In the 20 years following the limited pilot test, quarterly monitoring of the 29 wells has 
continued. Two additional wells listed in the permit are dry and cannot be sampled. Sitewide 
groundwater elevations have decreased by up to 50 feet since the inception of monitoring, and 
some natural changes in water quality have been observed. Despite these changes, the majority 
of the ALs and AQLs have been adequate to allow for natural variability of groundwater 
conditions, and there has been just one repeated exceedance of the ALs for sulfate in M1-GL.   

As part of Temporary APP No. P-106360 and UIC Permit No. R9UIC-AZ3-FY11-1, a methodology 
for calculating ALs and AQLs was developed, based on the original 1995/2000 methods used for 
the Sitewide APP. The procedure was reviewed and approved by the ADEQ and the USEPA. 

The statistical methodology outlined below is only used for the calculation of the new AL for 
sulfate in M1-GL. The revisions to other ALs are based on case criteria outlined in modern APPs 
using the existing ALs as calculated in the 1995/2000 permits. 

PERMIT METHODOLOGY 
The Temporary APP outlines the current APP methodology for setting ALs and AQL.  There are 
three general steps: 
• Data preparation 
• Using the mean and standard deviation to calculate a statistical AL 
• Using case criteria to determine the final ALs and AQLs.
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DATA PREPARATION 
Permit Methodology 

Data was prepared for the AL calculation as outlined in the Temporary APP. 
• ALs are calculated using a minimum of 8 and a maximum of 12 consecutive sample rounds. 

o For M1-GL sulfate, the most recent 9 sample results were used which were 
representative of current groundwater concentrations. 

• Any data where the laboratory practical quantitation limit (PQL) exceeds 80% of the Aquifer 
Water Quality Standard (AWQS) should be excluded from the calculations. 
o This criteria did not apply to sulfate in M1-GL. 

• Obvious outliers are excluded from the calculations. 
o No outliers were observed in the M1-GL sulfate dataset. 

In addition: 
• Duplicate analytical results were removed. 

Handling of Non-Detect Values 

The APP prescribes using a value of one-half of the PQL for results below the detection limit for 
the calculation of ALs.  
• None of the sulfate results were below the detection limit. 

ALERT LEVEL CALCULATIONS 
Permit Methodology 

The permit prescribes calculation of the ALs based on a tolerance interval. The AL is calculated 
with the following equation: 

𝐴𝐴𝐴𝐴 = �̅�𝑥 + 𝑘𝑘 ∙ 𝑠𝑠 

where: 
�̅�𝑥 = the mean of the existing concentrations in a given well 
𝑠𝑠 = the standard deviation of the existing concentrations in a given well 
𝑘𝑘 = a multiplicative factor that accounts for uncertainty in the analysis and the desired 
      coverage and confidence of the AL (discussed below). 

The values of �̅�𝑥 and 𝑠𝑠 are calculated from the existing concentrations using appropriate 
statistical methods.  

Development of the k Constant 

The permit recommends using the Lieberman Tables for a one-side normal tolerance interval 
with a 95% confidence level. Based on a 99% coverage and a sample size of 9, the k value for 
this dataset would be 4.143. 
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In reviewing preliminary calculations for the Temporary APP, it was observed that many of the 
datasets have low-variability, resulting in ALs that would only marginally exceed the maximum 
observed value.  

Table 1A – Example Case 1 shows the calculation of the AL for a magnesium dataset with no 
non-detect values: 

Average – 9.1 
Maximum – 11 
Standard Deviation – 1.13 
Calculated Upper Prediction Limit (UPL) = 9.1 + 1.13 * 4.143 = 13.8 

Because the calculated AL is only marginally higher than the maximum observed value, it is 
likely that a result may exceed the calculated AL due to natural water quality variation. The 
99% coverage of the AL means that the AL represents the 99th percentile of the dataset, which 
would be exceeded approximately 1% of the time, even under natural conditions. Based on the 
number of wells and analysis required for the project, this could translate to as many as ten 
false positives in a year. 

Modified k Value – Upper Prediction Limit 

An alternative statistical method for calculating the k value is described by the USEPA in 
“Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities – Unified Guidance” 
(USEPA, 2009). The AL calculated is a UPL, representing a value that is unlikely to be exceeded 
by any single future measurement, unless groundwater conditions have changed. The value of k 
is calculated as: 

𝑘𝑘 = 𝑡𝑡1−∝,𝑛𝑛−1 ∙ �1 +
1
𝑛𝑛

 

 

where: 
𝑛𝑛 = the sample size of the existing concentration dataset for a given well; 
∝ = the desired false positive rate of the UPL (discussed below); and 
𝑡𝑡1−∝,𝑛𝑛−1 = the value of the t-distribution for the given values of 𝑛𝑛 and ∝. 

Because the dataset of existing concentrations represents only a sample of the full range of 
possible concentrations, the chance that the UPL will be exceeded even in the absence of a 
release to groundwater cannot be reduced to zero.  The chance that the UPL will be exceed in 
the absence of a release to groundwater is managed through the chosen value for ∝. 

An exceedance of a UPL, even in the absence of a release to groundwater, is called a “false 
positive.” The expected rate of occurrence of false positives (i.e., the false positive rate) is 
controlled through the value of ∝. ∝ is equal to the desired false positive rate, and thus a value 
of ∝ = 0.01 would indicate that the UPL has a 1% chance of being exceeded every time a new 
sample is collected, even if a release to groundwater has not occurred. 
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Future groundwater samples will be compared to ALs and AQLs for many parameters in many 
wells multiple times per year. Even if every UPL had only a 1% chance of recording a false 
positive during each comparison to a new data point, the chance of observing at least one false 
positive throughout the year would be relatively high. To avoid this problem, the false positive 
rate of each UPL is set at a sufficiently small value to ensure that the overall false positive rate 
over the course of the year (called the cumulative false positive rate) is reasonably small. 

The value of ∝ for each UPL is determined from the desired cumulative false positive rate using 
the following equation (USEPA, 2009): 

∝= 1 − (1 −∝𝐶𝐶)
1
𝑁𝑁𝑇𝑇�  

where: 
∝𝐶𝐶  = the desired cumulative false positive rate; and 
𝑁𝑁𝑇𝑇 = the number of tests (i.e., comparisons to a UPL) conducted over the course of a year. 

The number of comparisons to a UPL per year is determined from the number of parameters, 
number of wells, and sampling frequency. For the Sitewide APP: 
• Four parameters (the common ions) are sampled four times per year.  
• A full set of additional parameters (23 parameters in total) is sampled once every other year 

(biennially), equal to a rate of 0.5 samples per year.  
• The number of wells that are to be sampled each year (29). 
• Thus, the total number of comparisons per year is 798 (Table 2). 

The cumulative false positive rate is chosen to minimize, to the degree possible, the chances of 
observing at least one false positive in a given year. The tradeoff to choosing a low cumulative 
false positive rate is that the value of k, and thus the UPLs, increase and are less sensitive to 
detecting releases to groundwater. However, given the nature of the mining solutions, a release 
to groundwater would be expected to produce a significant change in groundwater chemistry, 
quickly exceeding the ALs. Thus, minimizing false positives can be achieved without limiting the 
effectiveness of the groundwater monitoring program. 

The value of the cumulative false positive rate selected in this analysis is 0.05. This means that 
there is approximately a 5% chance of observing at least one false positive every year, provided 
that groundwater conditions do not change (either due to a release or through natural 
variation). In other words, false positives would have been expected to occur with a frequency 
of five every 100 years or one every 20 years, assuming stable groundwater conditions.  

The cumulative false positive rate of 0.05 gives a value of ∝ for each UPL of 6.43 x 10-5, which 
gives a value for k of 7.24 when the sample size of the dataset is 9. Although the k value would 
be higher for any dataset with 8 samples, i.e. where an outlier has been excluded, for the 
purposes of these calculations, the same k value of 7.24 will be used for consistency, since this 
is a more conservative result. 

Using this proposed k value for the example case, yields a UPL that is less likely to have false 
positives but is nonetheless protective of groundwater. 
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For Example Case 1: 
Average – 9.1 
Maximum – 11 
Standard Deviation – 1.13 
Calculated UPL = 9.1 + 1.13 * 7.24 = 17.3 

Note that while the UIC has some additional parameters, and thus a higher number of 
comparisons (NT) which would result in a higher k value, the standard k value of 7.24 is used for 
consistency throughout.  

Adjusted Standard Deviation 

In some cases, the datasets have extremely low variability. In many cases, groundwater at the 
site has been very consistent for many years. Table 1B – Example Case 2 demonstrates the 
potential for a UPL, using the revised k value, that is still likely to result in false positives: 

Average – 23.3 
Maximum – 24 
Standard Deviation – 0.5 
Calculated UPL = 23.3 + 0.5 * 7.24 = 27.0 

A water quality variation of just 12% would yield an exceedance. 

To account for the low variability, an adjusted standard deviation is used: 
• The coefficient of variation (CV) is calculated for each dataset where: 

 CV = standard deviation divided by the mean. 
• For datasets with a CV less than 0.1; the standard deviation is set to 10% of the mean. 

The CV is a standardized measure of variability. In other words, the CV for a dataset with a 
mean of 1,000 can be directly compared with the CV for a dataset with a mean of 10. The same 
cannot be said for the standard deviation, which is dependent on the magnitude of the data 
points as well as the variability. 

For-Example Case 2: 
Average – 23.3 
Maximum – 24 
Standard Deviation – 0.5 
Coefficient of Variation = 0.02, below 0.1 
Adjusted Standard Deviation = 10% of Average = 2.3 
Calculated UPL = 23.3 + 2.3 * 7.24 = 40 

This yields a UPL that is similar in relative magnitude to the dataset in Example Case 1 and less 
prone to false positives.  

ALS AND AQLS FOR PARAMETERS WITH AWQS 
Once a UPL is calculated, it is compared to the numerical AWQS to determine the final AL and 
AQL in accordance with the permit. Table 3 outlines the case criteria described in the permit. 



Procedures for Determining Sitewide ALs and AQLs for Groundwater Compliance Monitoring 
 

 
6 

p:\hunter dickinson\153543 - florence copper env support 2019\deliverables\reports\al-aql calcs\sitewide al-aql calculations jun2019.docx 

Table 4a gives a summary of all the existing ALs and AQLs and Table 4b shows the proposed 
revisions which are highlighted. There are minor differences in the way the USEPA establishes 
AL and AQLs. Table 4c summarizes the proposed UIC values and highlights where there are 
differences in the two tables. 

Permit Methodology 

Numerical AWQS have been established for fluoride, 11 trace metals, benzene, toluene, 
ethylbenzene, xylene (BTEX), alpha, and radium. For each parameter with an AWQS, the ALs 
and AQLs for POC wells are set as follows: 
• If greater than 50% of the results for a well are non-detect, then the AL is set at 80% of the 

AWQS and the AQL is set equal to the AWQS. 
• If the calculated UPL is less than 80% of the AWQS, then the AL is set at 80% of the AWQS 

and the AQL is set equal to the AWQS. 
• If the calculated UPL is greater than 80% of the AWQS but less than the AWQS, then the AL 

is set equal to the UPL and the AQL is set equal to the AWQS. 
• If the calculated UPL is greater than the AWQS, then the AQL is set equal to the calculated 

UPL. No APP-AL is set for that parameter at that monitoring point, and the UIC-AL is set 
equal to the UPL. 

For the purpose of the proposed revisions: 
• If the existing AL was less than 80% of the AWQS, then the AL was revised to 80% of the 

AWQS. 
• If the existing AL was greater than 80% of the AWQS; then the existing AL was retained. 
• If the existing AQL was greater than the AWQS; then the existing AQL was retained. No APP-

AL is set for that parameter at that monitoring point, and the UIC-AL is set equal to the UPL. 

Note that, although nitrate has an AWQS, the Sitewide APP states that ALs and AQLs are not 
required, as they are not parameters of concern for the process.  

ALS FOR INDICATOR PARAMETERS 
Indicators with Secondary Standards 

Indicator parameters do not have an established AWQS. Secondary drinking water standards 
(SDWS) are available for sulfate, total dissolved solids (TDS), and five trace metals. For each 
parameter with an SDWS, the approved methodology set ALs and AQLs using the same 
procedure described above. 
• If greater than 50% of the results for a well are non-detect, then the AL is set at 80% of the 

SDWS, and the UIC AQL is set equal to the SDWS. 
• If the calculated UPL is less than 80% of the SDWS, then the AL is set at 80% of the SDWS. 
• If the calculated AL is greater than 80% the SDWS, then the AL is set equal to the calculated 

UPL value. 
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For the purpose of the proposed revisions: 
• If the existing AL was less than 80% of the SDWS, then the AL was revised to 80% of the 

SDWS. 
• If the existing AL was greater than 80% of the SDWS; then the existing AL was retained. 
• If the existing AQL was greater than the SDWS; then the existing AQL was retained. No AL is 

set for that parameter at that monitoring point. 
• The previously calculated upper and lower field pH from the UIC permit are included. 

Indicators with No Secondary Standard 

Parameters magnesium and cobalt do not have an AWQS or SDWS. 

For the purpose of the proposed revisions: 
• The existing ALs for magnesium and cobalt were retained.  

CALCULATION TABLES 
Tables 4b and c provide a summary of the proposed AL and AQLs. Support calculations are 
provided in Table 5. 
• Table 5 – M1-GL Sulfate 

REFERENCES 
EPA (United States Environmental Protection Agency), 2009. Statistical Analysis of Groundwater 

Monitoring Data at RCRA Facilities – Unified Guidance. Office of Resource Conservation and 
Recovery. EPA 530/R09-007. March. 

EPA, 2015. ProUCL Version 5.1.00 Technical Guide – Statistical Software for Environmental Applications 
for Datasets with and without Nondetect Observations. October. 

Helsel, D. R., 2005. Nondetects and Data Analysis – Statistics for Censored Environmental Data. Wiley-
Interscience – A John Wiley & Sons, Inc., Publication. Hoboken, NJ. 

R Core Team, 2016. R: A language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. URL https://www.R-project.org/. 
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

M24-O

Description Magnesium Comments

10

9.7

9.1

9.7

8.2

9.1

10.0

9.3

11.0

Number of Samples 9

Number of Detections 9

Number of Non-Detections 0

Percentage of Non-Detect 0%

Maximum Value Detected 11

Calculation Method

Direct 

Calculation

Average of Detected Values 9.57

Standard Deviation 0.78

Permit k Value 4.143 One-side Tolerance Interval, 95% Confidence

Calculated AL Using Permit k 12.8 Not Protective Against False Positives

Proposed k  Value 7.24 UPL with 95% Confidence Level

Revised AL Using Proposed k 15.2 Sufficiently Protective Against False Positives

Notes:

All results in milligrams per Liter (mg/L). UPL = Upper Prediction Limit

TABLE 1a - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

Example Case 1

Comparison of UPL Calculations Using the Permit k  Factor 

and the Proposed UPL k  Factor

Results

Example Values Detected at Each Sampling 

Event
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

M30-O

Description Magnesium Comments

11

11

11

11

11

11

11

11

12

Number of Samples 9

Number of Detections 9

Number of Non-Detections 0

Percentage of Non-Detect 0%

Maximum Value Detected 12

Calculation Method

Direct 

Calculation

Average of Detected Values 11.1

Proposed k  Value 7.24 UPL with 95% Confidence Level

Standard Deviation 0.3 Traditional Standard Deviation

Calculated UPL 13.5 Not Protective Against False Positives

Coefficient of Variation 0.03 StDev/Ave Must be Greater than 0.1

Adjusted Standard Deviation 1.1 10% of Average

Revised UPL Using Adjusted 

Standard Deviation 19 Sufficiently Protective Against False Positives

Notes:

All results in milligrams per Liter (mg/L). UPL = Upper Prediction Limit

TABLE 1b - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

Example Case 2

Comparison of UPL Calculations Using the Traditional Standard Deviation 

and the Proposed Adjusted Standard Deviation

Results

Example Values Detected at Each Sampling 

Event
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte
Sample 

Frequency

Number of 

Analysis per 

Year

Analyte
Sample 

Frequency

Number of 

Analysis per 

Year

Fluoride Quarterly 4 pH (Field) Quarterly 4

Magnesium Quarterly 4

Sulfate Quarterly 4

TDS Quarterly 4

EC (Field and Lab) Quarterly Monitoring

Aluminum Biennial 0.5 Temperature (Field) Quarterly Monitoring

Antimony Biennial 0.5 pH (Lab) Biennial Monitoring

Arsenic Biennial 0.5 Bicarbonate Alkalinity Biennial Monitoring

Barium Biennial 0.5 Carbonate Alkalinity Biennial Monitoring

Beryllium Biennial 0.5 Calcium (dissolved) Biennial Monitoring

Cadmium Biennial 0.5 Chloride Biennial Monitoring

Chromium Biennial 0.5 Potassium (dissolved) Biennial Monitoring

Cobalt Biennial 0.5 Nitrate as N Biennial Monitoring

Copper Biennial 0.5 Sodium (dissolved) Biennial Monitoring

Iron Biennial 0.5 Cation/Anion Balance Biennial Monitoring

Lead Biennial 0.5

Manganese Biennial 0.5

Total Petroleum Hydrocarbons - 

Diesel Biennial Monitoring

Mercury Biennial 0.5

Nickel Biennial 0.5

Selenium Biennial 0.5

Thallium Biennial 0.5

Zinc Biennial 0.5

Benzene Biennial 0.5

Ethylbenzene Biennial 0.5

Toluene Biennial 0.5

Xylene Biennial 0.5

Gross-Adjusted Alpha* Biennial 0.5

Radium 226+228 Biennial 0.5

Total Number of Analysis per Year 27.5

Total Number of Permit Required Samples (Wells) 29

Total Number of Comparisons to a Permit Limit 798

Notes:

*Adjusted Alpha calculated as needed.

TABLE 2 - ANALYTICAL PARAMETER REQUIREMENTS

Common Ions

Trace Metals (Dissolved)

Organics

Radiochemicals

Common Ions

Organics

Common Ions

ANALYTICAL PARAMETERS WITH APP/UIC AL/AQL CALCULATIONS ANALYTICAL PARAMETERS WITH UIC AL/AQL CALCULATIONS

ANALYTICAL MONITORING PARAMETERS 

- WITHOUT AL/AQL CALCULATIONS
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Calculated UPL is:
APP 

AL

UIC 

AL

APP 

AQL

UIC 

AQL

> 50% non-detects 80% AWQS 80% AWQS AWQS AWQS

< 80% AWQS 80% AWQS 80% AWQS AWQS AWQS

Between 80% and AWQS UPL UPL AWQS AWQS

> AWQS None UPL UPL UPL

Calculated UPL is:
APP 

AL

UIC 

AL

APP 

AQL

UIC 

AQL

> 50% non-detects 80% SDWS 80% SDWS None None

< 80% SDWS 80% SDWS 80% SDWS None None

> 80% SDWS UPL UPL None None

Calculated UPL is:
APP 

AL

UIC 

AL

APP 

AQL

UIC 

AQL

UPL UPL UPL None None

Notes:

*Where UIC differs from APP

TABLE 3 - CASE CRITERIA FOR SETTING ALS AND AQLS FOR POC WELLS

PARAMETERS WITH AWQS

PARAMETERS WITH SDWS

PARAMETERS WITH NO STANDARDS
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AWQS SDWS

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

Fluoride 4 2 4 1.3 4 1.4 4 1.3 5.1 NA 4 1.3 4 1.7 4 3.6 4 1.4 4 1.2 4 1.1

Magnesium NE NE NA 31 NA 39 NA 36 NA 15 NA 5.1 NA 1 NA 1 NA 23 NA 44 NA 52

Sulfate NE 250 NA 109 NA 275 NA 187 NA 405 NA 86 NA 82 NA 122 NA 144 NA 126 NA 248

TDS NE 500 NA 1028 NA 1496 NA 1157 NA 1072 NA 620 NA 464 NA 609 NA 874 NA 1359 NA 1635

Aluminum NE 0.2 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

Antimony 0.006 NE 0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005

Arsenic
1

0.05 NE 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

Barium 2 NE 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1

Beryllium 0.004 NE 0.004 0.003 0.0053 NA 0.0053 NA 0.0053 NA 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003

Cadmium 0.005 NE 0.005 NA 0.04 NA 0.005 NA 0.04 NA 0.005 NA 0.04 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA

Chromium 0.1 NE 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061

Cobalt NE NE NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

Copper NE 1 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51

Iron NE 0.3 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

Lead 0.05 NE 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

Manganese NE 0.05 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

Mercury 0.002 NE 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011

Nickel 0.1 NE 0.13 NA 0.13 NA 0.13 NA 0.1 0.08 0.1 0.08 0.13 NA 0.1 0.08 0.13 NA 0.13 NA 0.1 0.08

Selenium 0.05 NE 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027

Thallium 0.002 NE 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA

Zinc NE 5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5

Benzene 0.005 NE 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025

Ethylbenzene 0.7 NE 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35

Toluene 1 NE 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5

Xylene 10 NE 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5

TPH-D NE NE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Alpha
1

15 NE 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

Radium 226+228 5 NE 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

pH Low (Field) (UIC) NE 6.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

pH High (Field) (UIC) NE 8.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Common Ions (UIC)

Organics

Radiochemicals

Primary Indicator Parameters

Trace Metals

TABLE 4a - SUMMARY OF CURRENT ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP

M1-GL POC M2-GU POC M3-GL POC M4-O POC M6-GU POC M7-GL POC M8-O POC M14-GL POC M15-GU POC M16-GU(R) POC
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AWQS SDWS

Fluoride 4 2

Magnesium NE NE

Sulfate NE 250

TDS NE 500

Aluminum NE 0.2

Antimony 0.006 NE

Arsenic
1

0.05 NE

Barium 2 NE

Beryllium 0.004 NE

Cadmium 0.005 NE

Chromium 0.1 NE

Cobalt NE NE

Copper NE 1

Iron NE 0.3

Lead 0.05 NE

Manganese NE 0.05

Mercury 0.002 NE

Nickel 0.1 NE

Selenium 0.05 NE

Thallium 0.002 NE

Zinc NE 5

Benzene 0.005 NE

Ethylbenzene 0.7 NE

Toluene 1 NE

Xylene 10 NE

TPH-D NE NE

Alpha
1

15 NE

Radium 226+228 5 NE

pH Low (Field) (UIC) NE 6.5

pH High (Field) (UIC) NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 1.6 4 1.6 4 1 4 1.7 4 1.1 4 1.3 4 1.3 4 2.5 4 1.6 4 3.4

NA 9.3 NA 36 NA 21 NA 14 NA 87 NA 8.6 NA 69 NA 19 NA 76 NA 1

NA 209 NA 288 NA 89 NA 112 NA 487 NA 86 NA 411 NA 1364 NA 387 NA 105

NA 831 NA 1323 NA 794 NA 809 NA 2867 NA 1094 NA 2392 NA 2363 NA 2683 NA 556

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1

0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003

0.005 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA 0.04 NA 0.04 NA 0.005 NA 0.005 NA 0.005 NA

0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027

0.024 NA 0.002 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.002 NA 0.024 NA 0.002 NA

NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5

0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025

0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35

1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5

10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
2
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Common Ions (UIC)

Organics

Radiochemicals

Primary Indicator Parameters

Trace Metals

M24-O POC M26-O POCM19-LBF POC M20-O(R) POC M21-UBF POC M22-O POC M23-UBF POC

TABLE 4a - SUMMARY OF CURRENT ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP

M25-UBF POCM17-GL POC M18-GU POC
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AWQS SDWS

Fluoride 4 2

Magnesium NE NE

Sulfate NE 250

TDS NE 500

Aluminum NE 0.2

Antimony 0.006 NE

Arsenic
1

0.05 NE

Barium 2 NE

Beryllium 0.004 NE

Cadmium 0.005 NE

Chromium 0.1 NE

Cobalt NE NE

Copper NE 1

Iron NE 0.3

Lead 0.05 NE

Manganese NE 0.05

Mercury 0.002 NE

Nickel 0.1 NE

Selenium 0.05 NE

Thallium 0.002 NE

Zinc NE 5

Benzene 0.005 NE

Ethylbenzene 0.7 NE

Toluene 1 NE

Xylene 10 NE

TPH-D NE NE

Alpha
1

15 NE

Radium 226+228 5 NE

pH Low (Field) (UIC) NE 6.5

pH High (Field) (UIC) NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 1 4 1.6 4 1.1 4 1.6 4 1.3 4 1.4 4 2.8 4 1 4 2

NA 51 NA 2.6 NA 84 NA 18 NA 46 NA 17 NA 12 NA 18 NA 6.2

NA 179 NA 81 NA 465 NA 102 NA 330 NA 99 NA 107 NA 159 NA 181

NA 1745 NA 610 NA 2751 NA 824 NA 1665 NA 770 NA 767 NA 849 NA 801

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1

0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.004 0.003 0.0053 NA

0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA

0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061 0.1 0.061

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51 NA 0.51

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.13 NA 0.1 0.08 0.1 0.08

0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027

0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.002 NA 0.024 NA 0.002 NA 0.024 NA

NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5 NA 2.5

0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025

0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35

1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5

10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
2
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Common Ions (UIC)

Organics

Radiochemicals

Primary Indicator Parameters

Trace Metals

M27-LBF POC M28-LBF POC M29-UBF POC M30-O POC M31-LBF POC O19-GL POC P19-1-O POC O49-GL(R) POC P49-O POC

TABLE 4a - SUMMARY OF CURRENT ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2 4 3.2 4 3.2 4 3.2 5.1 NA 4 3.2 4 3.2 4 3.6 4 3.2 4 3.2 4 3.2

Magnesium Existing AL NE NE NA 31 NA 39 NA 36 NA 15 NA 5.1 NA 1.0 NA 1.0 NA 23 NA 44 NA 52

Sulfate M1 revision, Existing AL, 80% SDWS NE 250 NA 213 NA 275 NA 200 NA 405 NA 200 NA 200 NA 200 NA 200 NA 200 NA 248

TDS Existing AL NE 500 NA 1028 NA 1496 NA 1157 NA 1072 NA 620 NA 464 NA 609 NA 874 NA 1359 NA 1635

Aluminum Existing AL NE 0.2 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

Antimony Existing AL 0.006 NE 0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005

Arsenic
2

Existing AL 0.05 NE 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

Barium 80% AWQS 2 NE 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE 0.004 0.0032 0.0053 NA 0.0053 NA 0.0053 NA 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032

Cadmium Existing AL 0.005 NE 0.005 NA 0.04 NA 0.005 NA 0.04 NA 0.005 NA 0.04 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA

Chromium 80% AWQS 0.1 NE 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

Cobalt Existing AL NE NE NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

Copper 80% SDWS NE 1 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

Iron Existing AL NE 0.3 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

Lead 80% AWQS 0.05 NE 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

Manganese Existing AL NE 0.05 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

Mercury 80% AWQS 0.002 NE 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

Nickel Existing AL 0.1 NE 0.13 NA 0.13 NA 0.13 NA 0.1 0.08 0.1 0.08 0.13 NA 0.1 0.08 0.13 NA 0.13 NA 0.1 0.08

Selenium 80% AWQS 0.05 NE 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

Thallium Existing AL 0.002 NE 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA 0.002 NA

Zinc 80% SDWS NE 5 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

Benzene 80% AWQS 0.005 NE 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

Ethylbenzene 80% AWQS 0.7 NE 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

Toluene 80% AWQS 1 NE 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

Xylene 80% AWQS 10 NE 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

TPH-D Reserved NE NE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Alpha
3

80% AWQS 15 NE 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

Radium 226+228 Existing AL 5 NE 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5 NA 6.5 NA 5.7 NA 6.1 NA 5.7 NA 6.5 NA 6.5 NA 6.5 NA 6.4 NA 6.5 NA 5.0

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5 NA 8.5 NA 8.6 NA 8.6 NA 8.9 NA 9.9 NA 11.0 NA 9.8 NA 9.5 NA 8.5 NA 9.6

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Primary Indicator Parameters

Common Ions (UIC)

Trace Metals

TABLE 4b - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP

M2-GU POCM1-GL POC M3-GL POC

Organics

Radiochemicals

M4-O POC M6-GU POC M7-GL POC M8-O POC M14-GL POC M15-GU POC M16-GU(R) POC
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2

Magnesium Existing AL NE NE

Sulfate M1 revision, Existing AL, 80% SDWS NE 250

TDS Existing AL NE 500

Aluminum Existing AL NE 0.2

Antimony Existing AL 0.006 NE

Arsenic
2

Existing AL 0.05 NE

Barium 80% AWQS 2 NE

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE

Cadmium Existing AL 0.005 NE

Chromium 80% AWQS 0.1 NE

Cobalt Existing AL NE NE

Copper 80% SDWS NE 1

Iron Existing AL NE 0.3

Lead 80% AWQS 0.05 NE

Manganese Existing AL NE 0.05

Mercury 80% AWQS 0.002 NE

Nickel Existing AL 0.1 NE

Selenium 80% AWQS 0.05 NE

Thallium Existing AL 0.002 NE

Zinc 80% SDWS NE 5

Benzene 80% AWQS 0.005 NE

Ethylbenzene 80% AWQS 0.7 NE

Toluene 80% AWQS 1 NE

Xylene 80% AWQS 10 NE

TPH-D Reserved NE NE

Alpha
3

80% AWQS 15 NE

Radium 226+228 Existing AL 5 NE

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.4

NA 9.3 NA 36 NA 21 NA 14 NA 87 NA 8.6 NA 69 NA 19 NA 76 NA 1

NA 209 NA 288 NA 200 NA 200 NA 487 NA 200 NA 411 NA 1364 NA 387 NA 200

NA 831 NA 1323 NA 794 NA 809 NA 2867 NA 1094 NA 2392 NA 2363 NA 2683 NA 556

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032

0.005 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA 0.04 NA 0.04 NA 0.005 NA 0.005 NA 0.005 NA

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

0.024 NA 0.002 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.002 NA 0.024 NA 0.002 NA

NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA 6.3 NA 5.8 NA 6.5 NA 6.2 NA 6.5 NA 6.5 NA 6.3 NA 6.5 NA 5.4 NA 6.5

NA 11.0 NA 8.6 NA 8.5 NA 8.8 NA 8.5 NA 9.4 NA 8.5 NA 8.5 NA 9.2 NA 10.0

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Primary Indicator Parameters

M19-LBF POC M20-O(R) POC M21-UBF POC

Common Ions (UIC)

M22-O POC M23-UBF POC M24-O POC M25-UBF POC M26-O POC

TABLE 4b - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP

Trace Metals

Organics

Radiochemicals

M17-GL POC M18-GU POC
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2

Magnesium Existing AL NE NE

Sulfate M1 revision, Existing AL, 80% SDWS NE 250

TDS Existing AL NE 500

Aluminum Existing AL NE 0.2

Antimony Existing AL 0.006 NE

Arsenic
2

Existing AL 0.05 NE

Barium 80% AWQS 2 NE

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE

Cadmium Existing AL 0.005 NE

Chromium 80% AWQS 0.1 NE

Cobalt Existing AL NE NE

Copper 80% SDWS NE 1

Iron Existing AL NE 0.3

Lead 80% AWQS 0.05 NE

Manganese Existing AL NE 0.05

Mercury 80% AWQS 0.002 NE

Nickel Existing AL 0.1 NE

Selenium 80% AWQS 0.05 NE

Thallium Existing AL 0.002 NE

Zinc 80% SDWS NE 5

Benzene 80% AWQS 0.005 NE

Ethylbenzene 80% AWQS 0.7 NE

Toluene 80% AWQS 1 NE

Xylene 80% AWQS 10 NE

TPH-D Reserved NE NE

Alpha
3

80% AWQS 15 NE

Radium 226+228 Existing AL 5 NE

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2

NA 51 NA 2.6 NA 84 NA 18 NA 46 NA 12 NA 17 NA 6.2 NA 18

NA 179 NA 200 NA 465 NA 200 NA 330 NA 200 NA 200 NA 200 NA 200

NA 1745 NA 610 NA 2751 NA 824 NA 1665 NA 767 NA 770 NA 801 NA 849

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.0053 NA 0.004 0.0032

0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.04 NA 0.04 NA

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.13 NA 0.1 0.08 0.1 0.08 0.1 0.08

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.024 NA 0.002 NA 0.024 NA 0.002 NA

NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA 5.4 NA 6.5 NA 6.5 NA 6.5 NA 6.4 NA 4.5 NA 5.4 NA 4.1 NA 5.9

NA 10.0 NA 11.0 NA 8.5 NA 8.5 NA 8.5 NA 11.0 NA 9.7 NA 11.0 NA 9.2

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Common Ions (UIC)

Primary Indicator Parameters

O19-GL POCM27-LBF POC M28-LBF POC M29-UBF POC O49-GL(R) POC P19-1-O POC

TABLE 4b - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE APP

Trace Metals

Organics

Radiochemicals

P49-O POCM30-O POC M31-LBF POC
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2 4 3.2 4 3.2 4 3.2 5.1 5.1 4 3.2 4 3.2 4 3.6 4 3.2 4 3.2 4 3.2

Magnesium Existing AL NE NE NA 31 NA 39 NA 36 NA 15 NA 5.1 NA 1.0 NA 1.0 NA 23 NA 44 NA 52

Sulfate M1 revision, Existing AL, 80% SDWS NE 250 NA 213 NA 275 NA 200 NA 405 NA 200 NA 200 NA 200 NA 200 NA 200 NA 248

TDS Existing AL NE 500 NA 1028 NA 1496 NA 1157 NA 1072 NA 620 NA 464 NA 609 NA 874 NA 1359 NA 1635

Aluminum Existing AL NE 0.2 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

Antimony Existing AL 0.006 NE 0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005

Arsenic
2

Existing AL 0.05 NE 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

Barium 80% AWQS 2 NE 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE 0.004 0.0032 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032

Cadmium Existing AL 0.005 NE 0.005 0.005 0.04 0.04 0.005 0.005 0.04 0.04 0.005 0.005 0.04 0.04 0.005 0.005 0.005 0.005 0.04 0.04 0.04 0.04

Chromium 80% AWQS 0.1 NE 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

Cobalt Existing AL NE NE NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

Copper 80% SDWS NE 1 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

Iron Existing AL NE 0.3 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

Lead 80% AWQS 0.05 NE 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

Manganese Existing AL NE 0.05 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

Mercury 80% AWQS 0.002 NE 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

Nickel Existing AL 0.1 NE 0.13 0.13 0.13 0.13 0.13 0.13 0.1 0.08 0.1 0.08 0.13 0.13 0.1 0.08 0.13 0.13 0.13 0.13 0.1 0.08

Selenium 80% AWQS 0.05 NE 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

Thallium Existing AL 0.002 NE 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Zinc 80% SDWS NE 5 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

Benzene 80% AWQS 0.005 NE 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

Ethylbenzene 80% AWQS 0.7 NE 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

Toluene 80% AWQS 1 NE 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

Xylene 80% AWQS 10 NE 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

TPH-D Reserved NE NE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Alpha
3

80% AWQS 15 NE 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

Radium 226+228 Existing AL 5 NE 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5 NA 6.5 NA 5.7 NA 6.1 NA 5.7 NA 6.5 NA 6.5 NA 6.5 NA 6.4 NA 6.5 NA 5.0

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5 NA 8.5 NA 8.6 NA 8.6 NA 8.9 NA 9.9 NA 11.0 NA 9.8 NA 9.5 NA 8.5 NA 9.6

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Highlights indicate where the UIC requirements for establishing AL/AQLs are different from the APP requirements.

M16-GU(R) POC

TABLE 4c - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE UIC

M1-GL POC M2-GU POC M3-GL POC M4-O POC M6-GU POC M7-GL POC M8-O POC M15-GU POC

Trace Metals

M14-GL POC

Primary Indicator Parameters

Common Ions (UIC)

Organics

Radiochemicals
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2

Magnesium Existing AL NE NE

Sulfate M1 revision, Existing AL, 80% SDWS NE 250

TDS Existing AL NE 500

Aluminum Existing AL NE 0.2

Antimony Existing AL 0.006 NE

Arsenic
2

Existing AL 0.05 NE

Barium 80% AWQS 2 NE

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE

Cadmium Existing AL 0.005 NE

Chromium 80% AWQS 0.1 NE

Cobalt Existing AL NE NE

Copper 80% SDWS NE 1

Iron Existing AL NE 0.3

Lead 80% AWQS 0.05 NE

Manganese Existing AL NE 0.05

Mercury 80% AWQS 0.002 NE

Nickel Existing AL 0.1 NE

Selenium 80% AWQS 0.05 NE

Thallium Existing AL 0.002 NE

Zinc 80% SDWS NE 5

Benzene 80% AWQS 0.005 NE

Ethylbenzene 80% AWQS 0.7 NE

Toluene 80% AWQS 1 NE

Xylene 80% AWQS 10 NE

TPH-D Reserved NE NE

Alpha
3

80% AWQS 15 NE

Radium 226+228 Existing AL 5 NE

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.4

NA 9.3 NA 36 NA 21 NA 14 NA 87 NA 8.6 NA 69 NA 19 NA 76 NA 1

NA 209 NA 288 NA 200 NA 200 NA 487 NA 200 NA 411 NA 1364 NA 387 NA 200

NA 831 NA 1323 NA 794 NA 809 NA 2867 NA 1094 NA 2392 NA 2363 NA 2683 NA 556

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032

0.005 0.005 0.005 0.005 0.005 0.005 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.005 0.005 0.005 0.005 0.005 0.005

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

0.024 0.024 0.002 0.002 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.002 0.002 0.024 0.024 0.002 0.002

NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA 6.3 NA 5.8 NA 6.5 NA 6.2 NA 6.5 NA 6.5 NA 6.3 NA 6.5 NA 5.4 NA 6.5

NA 11.0 NA 8.6 NA 8.5 NA 8.8 NA 8.5 NA 9.4 NA 8.5 NA 8.5 NA 9.2 NA 10.0

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Highlights indicate where the UIC requirements for establishing AL/AQLs are different from the APP requirements.

M17-GL POC M19-LBF POC

TABLE 4c - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE UIC

M23-UBF POC M24-O POCM20-O(R) POC M21-UBF POC M22-O POC M25-UBF POCM18-GU POC

Trace Metals

Primary Indicator Parameters

M26-O POC

Common Ions (UIC)

Organics

Radiochemicals
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Revisions AWQS SDWS

Fluoride 80% AWQS, 3 Existing AL/AQL
1

4 2

Magnesium Existing AL NE NE

Sulfate M1 revision, Existing AL, 80% SDWS NE 250

TDS Existing AL NE 500

Aluminum Existing AL NE 0.2

Antimony Existing AL 0.006 NE

Arsenic
2

Existing AL 0.05 NE

Barium 80% AWQS 2 NE

Beryllium 80% AWQS, 4 Existing AL/AQL
1

0.004 NE

Cadmium Existing AL 0.005 NE

Chromium 80% AWQS 0.1 NE

Cobalt Existing AL NE NE

Copper 80% SDWS NE 1

Iron Existing AL NE 0.3

Lead 80% AWQS 0.05 NE

Manganese Existing AL NE 0.05

Mercury 80% AWQS 0.002 NE

Nickel Existing AL 0.1 NE

Selenium 80% AWQS 0.05 NE

Thallium Existing AL 0.002 NE

Zinc 80% SDWS NE 5

Benzene 80% AWQS 0.005 NE

Ethylbenzene 80% AWQS 0.7 NE

Toluene 80% AWQS 1 NE

Xylene 80% AWQS 10 NE

TPH-D Reserved NE NE

Alpha
3

80% AWQS 15 NE

Radium 226+228 Existing AL 5 NE

pH Low (Field) (UIC) Previous AL, 80% SDWS NE 6.5

pH High (Field) (UIC) Previous AL, 80% SDWS NE 8.5

AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL AQL AL

4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2 4 3.2

NA 51 NA 2.6 NA 84 NA 18 NA 46 NA 12 NA 17 NA 6.2 NA 18

NA 179 NA 200 NA 465 NA 200 NA 330 NA 200 NA 200 NA 200 NA 200

NA 1745 NA 610 NA 2751 NA 824 NA 1665 NA 767 NA 770 NA 801 NA 849

NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71 NA 0.71

0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005

0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026

2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6 2 1.6

0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.0053 0.0053 0.004 0.0032

0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.04 0.04 0.04 0.04

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08

NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005 NA 0.005

NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8 NA 0.8

NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2 NA 2.2

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22 NA 0.22

0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016 0.002 0.0016

0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.13 0.13 0.1 0.08 0.1 0.08 0.1 0.08

0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04

0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.002 0.002 0.024 0.024 0.002 0.002

NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4 NA 4

0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004

0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56 0.7 0.56

1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8 1 0.8

10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8 10 8

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0 15.0 12.0

5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0

NA 5.4 NA 6.5 NA 6.5 NA 6.5 NA 6.4 NA 4.5 NA 5.4 NA 4.1 NA 5.9

NA 10.0 NA 11.0 NA 8.5 NA 8.5 NA 8.5 NA 11.0 NA 9.7 NA 11.0 NA 9.2

Notes:

All results in milligrams per liter (mg/L), except pH in standard pH units (SU), and radiochemicals in picocuries per liter (pCu/L).
1
Exceptions are highlighted in blue.

2
The current arsenic AL of  0.026 mg/L is maintained for a conservative approach to arsenic.

3
The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 

Highlights indicate where the UIC requirements for establishing AL/AQLs are different from the APP requirements.

O19-GL POC

TABLE 4c - PROPOSED ALERT LEVEL AND AQUIFER QUALITY LEVEL VALUES FOR THE SITEWIDE UIC

M30-O POC M31-LBF POC O49-GL(R) POC

Trace Metals

P19-1-O POC P49-O POC

Primary Indicator Parameters

M27-LBF POC M28-LBF POC M29-UBF POC

Common Ions (UIC)

Organics

Radiochemicals
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Florence Copper Inc.

Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Sulfate

M1-GL 11/14/2016 120

M1-GL 2/7/2017 120

M1-GL 5/11/2017 110

M1-GL 8/8/2017 130

M1-GL 11/14/2017 130

M1-GL 2/21/2018 130

M1-GL 5/21/2018 110

M1-GL 7/19/2018 140

M1-GL 11/5/2018 120

Number of Samples 9

Number of Detections 9

Number of Non-Detections 0

Percentage of Non-Detect 0%

Maximum Value Detected 140

Calculation Method Direct Calculation

Average 123

Standard Deviation 10.0

Coefficient of Variation 0.08

Adj Stnd Deviation 12

k value 7.24

UPL 213

AWQS/SDWS 250

AL 213

AQL - POC Well NA

Notes:

All results in milligrams per liter (mg/L). NA = Not Applicable

Blue = Coefficient of Variation <0.1 NE = Not Established

AL = Alert Level SDWS = Secondary Drinking

AQL = Aquifer Quality Limit               Water Standard

AWQS = Aquifer Water Quality Standard UPL = Upper Prediction Limit

TABLE 5 - CALCULATION OF AL AND AQL FOR M1-GL SULFATE
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EXHIBIT 15-2 
 

Procedures for Determining Alert Levels and  
Aquifer Quality Limits for  

Groundwater Compliance Monitoring Sitewide 
APP No. P-101704 Monitoring Well M52-UBF 
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INTRODUCTION 
Florence Copper Inc. (FCI) is requesting to amend the Sitewide Aquifer Protection Permit No. P-
101704 to replace monitor well M32-UBF with new Point of Compliance (POC) Well M52-UBF. 
The purpose of M32-UBF was to provide monitoring for facilities that were not constructed and 
have been relocated as part of the Temporary Aquifer Protection Permit (APP) No. P-106360 
and Underground Injection Control (UIC) Permit No. R9UIC-AZ3-FY11-1. Well M52-UBF serves 
the same function for the new permits, as was intended for M32-UBF, to provide monitoring for 
the Pilot Test Facility (PTF) and tank area.   

As part of APP P-106360 and UIC Permit R9UIC-AZ3-FY11-1, the alert levels (ALs) and aquifer 
quality limits (AQLs) calculations were developed for M52-UBF. The methodology and 
subsequent calculations have been accepted by the Arizona Department of Environmental 
Quality (ADEQ) and the United States Environmental Protection Agency (EPA). FCI proposes to 
use the same ALs and AQLs for M52-UBF in the Sitewide APP P-101704 for consistency of 
permits. This document outlines the methodology used and the proposed AL and AQLs. 

The Temporary APP P-106360 outlines methodology for calculating ALs, along with a set of 
criteria to follow for selecting the final AL and AQL in Permit Conditions 2.5.3.2.1 – Alert Levels 
for POC Wells, and 2.5.8.5.1 – Alert Levels for Supplemental Wells and MW-01. The majority of 
the ALs were set using the permit-described methodology. In cases where datasets have 
reduced variability, this document outlines modifications to the permit method which were 
used to calculate the ALs and AQLs. 

In some cases, all the wells relating to Temporary APP P-106360 are used in the calculation of 
ALs and AQLs which are set for Well M52-UBF. 

PERMIT METHODOLOGY 
The Temporary APP outlines the methodology for setting ALs and AQL. There are three general 
steps: 
• Data preparation 
• Using the mean and standard deviation to calculate a statistical AL 
• Using case criteria to determine the final ALs and AQLs 

DATA PREPARATION 
Permit Methodology 

Data was prepared for AL calculations as outlined in the Temporary APP. 
• ALs are calculated using a minimum of 8 and a maximum of 12 consecutive sample rounds: 

 In the majority of cases, 9 sample results are used; except where an outlier is identified. 
• Any data where the laboratory practical quantitation limit (PQL) exceeds 80% of the Aquifer 

Water Quality Standard (AWQS) have been excluded from the calculations: 
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o One iron and four aluminum results were excluded from the calculations. 
• Obvious outliers are excluded from the calculations: 

 Outliers were determined primarily on the basis of graphical review. 

In addition: 
• Duplicate analytical results were removed. 

Handling of Non-Detect Values 

The APP prescribes using a value of one-half of the PQL for results below the detection limit for 
the calculation of ALs.  

For cases where a dataset contains at least one non-detect but less than 50% of the results are 
non-detect, the statistical method proposed below accommodates the non-detects, which only 
need to be identified at the value of the PQL. 

For cases where greater than 50% of the results are non-detect, in the majority of cases, the AL 
is set by permit to 80% of the standard. While an Upper Protection Limit (UPL) could be 
calculated, it is not necessary and, therefore, replacement of the non-detect with one-half the 
PQL does not affect the permit-derived AL. Special cases are discussed in greater detail below. 

ALERT LEVEL CALCULATIONS 
Permit Methodology 
The permit prescribes calculation of the ALs based on a tolerance interval. The AL is calculated 
with the following equation: 

𝐴𝐴𝐴𝐴 = �̅�𝑥 + 𝑘𝑘 ∙ 𝑠𝑠 

where: 
�̅�𝑥 = the mean of the existing concentrations in a given well 
𝑠𝑠 = the standard deviation of the existing concentrations in a given well 
𝑘𝑘 = a multiplicative factor that accounts for uncertainty in the analysis and the desired 
      coverage and confidence of the AL (discussed below) 

The values of �̅�𝑥 and 𝑠𝑠 are calculated from the existing concentrations using appropriate 
statistical methods.  

Note that for field pH, which has both upper and lower AL, a lower AL is calculated as �̅�𝑥 − 𝑘𝑘 ∙ 𝑠𝑠. 

Development of the k Constant 

The permit recommends using the Lieberman Tables for a one-side normal tolerance interval 
with a 95% confidence level. Based on a 99% coverage and a sample size of 9, the k value for 
this data set would be 4.143. 

In reviewing preliminary calculations, it was observed that many of the datasets have low-
variability, resulting in ALs that would only marginally exceed the maximum observed value.  
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Table 1A – Example Case 1 shows the calculation of the AL for a magnesium dataset with no 
non-detect values: 

Average – 9.1 
Maximum – 11 
Standard Deviation – 1.13 
Calculated UPL = 9.1 + 1.13 * 4.143 = 13.8 

Because the calculated AL is only marginally higher than the maximum observed value, it is 
likely that a result may exceed the calculated AL due to natural water-quality variation. The 99% 
coverage of the AL means that the AL represents the 99th percentile of the dataset, which 
would be exceeded approximately 1% of the time, even under natural conditions. Based on the 
number of wells and analysis required for the project, this could translate to as many as 10 false 
positives in a year. 

Modified k Value – Upper Prediction Limit 
An alternative statistical method for calculating the k value is described by the EPA in 
“Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities – Unified Guidance” 
(EPA, 2009). The AL calculated is a UPL, representing a value that is unlikely to be exceeded by 
any single future measurement, unless groundwater conditions have changed. The value of k is 
calculated as: 

𝑘𝑘 = 𝑡𝑡1−∝,𝑛𝑛−1 ∙ �1 +
1
𝑛𝑛

 

 

where: 
𝑛𝑛 = the sample size of the existing concentration dataset for a given well 
∝ = the desired false positive rate of the UPL (discussed below) 
𝑡𝑡1−∝,𝑛𝑛−1 = the value of the t-distribution for the given values of 𝑛𝑛 and ∝ 

Because the dataset of existing concentrations represents only a sample of the full range of 
possible concentrations, the chance that the UPL will be exceeded even in the absence of a 
release to groundwater cannot be reduced to zero. The chance that the UPL will be exceed in 
the absence of a release to groundwater is managed through the chosen value for ∝. 

An exceedance of a UPL, even in the absence of a release to groundwater, is called a “false 
positive.” The expected rate of occurrence of false positives (i.e., the false positive rate) is 
controlled through the value of ∝. ∝ is equal to the desired false positive rate, and thus a value 
of ∝ = 0.01 would indicate that the UPL has a 1% chance of being exceeded every time a new 
sample is collected, even if a release to groundwater has not occurred. 

Future groundwater samples will be compared to ALs and AQLs for many parameters in many 
wells multiple times per year. Even if every UPL had only a 1% chance of recording a false 
positive during each comparison to a new data point, the chance of observing at least one false 
positive throughout the year would be unacceptably high. To avoid this problem, the false 
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positive rate of each UPL is set at a sufficiently small value to ensure that the overall false 
positive rate over the course of the year (called the cumulative false positive rate) is reasonably 
small. 

The value of ∝ for each UPL is determined from the desired cumulative false positive rate using 
the following equation (EPA, 2009): 

∝= 1 − (1 −∝𝐶𝐶)
1
𝑁𝑁𝑇𝑇�  

where: 
∝𝐶𝐶  = the desired cumulative false positive rate 
𝑁𝑁𝑇𝑇 = the number of tests (i.e., comparisons to a UPL) conducted over the course of a 
year 

The number of comparisons to a UPL per year is determined from the number of parameters, 
number of wells, and sampling frequency. For the APP: 
• Four parameters (the common ions) are sampled four times per year  
• A full set of additional parameters (23 parameters in total) is sampled twice per year 
• The number of wells that are to be sampled each year include: 

 The 3 new POC wells 
 9 supplemental wells 
 Plus 4 existing POC wells that already have established ALs and AQLs 

• Thus, the total number of comparisons per year is 992 (Table 2) 

It should be noted, that this calculation is based on the total number of comparisons per year 
for the set of wells in Temporary APP P-106360, which was used to set the values for M52-UBF. 

The cumulative false positive rate is chosen to minimize, to the degree possible, the chances of 
observing at least one false positive in a given year. The trade-off to choosing a low cumulative 
false positive rate is that the value of k, and thus the UPLs, increase and are less sensitive to 
detecting releases to groundwater. However, given the nature of the mining solutions, a release 
to groundwater would be expected to produce a significant change in groundwater chemistry, 
quickly exceeding the ALs. Thus, minimizing false positives can be achieved without limiting the 
effectiveness of the groundwater monitoring program. 

The value of the cumulative false positive rate has been set to 0.05. This means that there is 
approximately a 5% chance of observing at least one false positive every year, provided that 
groundwater conditions do not change (either due to a release or through natural variation). 
The false positive rate of 0.05 applies cumulatively to all wells in the monitoring program. Thus, 
the individual false positive rate for M52-UBF is expected to be lower than 0.05. 

The cumulative false positive rate of 0.05 gives a value of ∝ for each UPL of 5.17 x 10-5, which 
gives a value for k of 7.47 when the sample size of the dataset is 9. Although the k value would 
be higher for any data set with 8 samples, i.e. where an outlier has been excluded, for the 
purposes of these calculations, the same k value of 7.47 will be used for consistency, since this 
is a more conservative result. 
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Using this proposed k value for the example case yields a UPL that is less likely to have false 
positives but is nonetheless protective of groundwater. 
 
For Example, Case 1: 

Average – 9.1 
Maximum – 11 
Standard Deviation – 1.13 
Calculated UPL = 9.1 + 1.13 * 7.47 = 17.6 

Note that while the UIC has some additional parameters, and thus a higher number of 
comparisons (NT) which would result in a higher k value, the standard k value of 7.47 is used for 
consistency throughout.  

Adjusted Standard Deviation 

In some cases, the datasets have extremely low variability. This is not unexpected because the 
data were collected over a relatively short period of time and may not reflect long-term 
variability in groundwater conditions. Table 1B – Example Case 2 demonstrates the potential for 
a UPL, using the revised k value, that is still likely to result in false positives: 

Average – 23.3 
Maximum – 24 
Standard Deviation – 0.5 
Calculated UPL = 23.3 + 0.5 * 7.47 = 27.1 

A water-quality variation of less than 12% would yield an exceedance. 

To account for the low variability, an adjusted standard deviation is used: 
• The coefficient of variation (CV) is calculated for each dataset where: 

 CV = standard deviation divided by the mean 
• For datasets with a CV less than 0.1; the standard deviation is set to 10% of the mean 

The CV is a standardized measure of variability. In other words, the CV for a dataset with a 
mean of 1,000 can be directly compared with the CV for a dataset with a mean of 10. The same 
cannot be said for the standard deviation, which is dependent on the magnitude of the data 
points as well as the variability. 

For Example, Case 2: 
Average – 23.3 
Maximum – 24 
Standard Deviation – 0.5 
Coefficient of Variation = 0.02, below 0.1 
Adjusted Standard Deviation = 10% of Average = 2.3 
Calculated UPL = 23.3 + 2.3 * 7.47 = 41 

This yields a UPL that is similar in relative magnitude to the dataset in Example Case 1 and less 
prone to false positives.  
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Datasets with Non-Detects 

For datasets with all detected results, the mean and standard deviation are calculated using 
standard methods (e.g., arithmetic average and sample standard deviation formulas found in 
software such as Microsoft Excel).   

If a dataset contains at least one non-detect but the percentage of non-detects is less than 50%, 
it is proposed to calculate the mean and standard deviation using the Kaplan-Meier Method, as 
recommended by Helsel (2005). All calculations will be performed in Microsoft Excel, the R 
Statistical Programming Language (R Core Team, 2016), or the EPA’s ProUCL software, version 
5.1 (EPA, 2015). 

For cases where greater than 50% of the results are non-detect, in the majority of cases, the AL 
is set by permit at 80% of the standard. While a UPL could be calculated, it is not necessary and, 
therefore, replacement of the non-detect with one-half the PQL does not affect the permit-
derived AL. Parameters with large numbers of non-detects include fluoride, several trace 
metals, organics, and radium. 

In the case of cobalt, there is no established standard for calculation of an AL. The permit-
recommended method was used to replace the non-detect values with one-half of the PQL. An 
adjusted standard deviation was used to generate the UPL.   

For total petroleum diesel hydrocarbons (TPH-D), the data set contains 100% non-detected 
results and there are no established standards. In these cases, the full PQL was used to 
generate an average and an adjusted standard deviation.   

Examples of the four types of non-detect datasets are shown in Table 1C – Example Case 3. 
While these last two approaches are not ideal, they provide a method to generate a UPL where 
no standard exists.  

UPLs by Well vs by Parameter 

Four parameters have been selected in the Sitewide APP, Temporary APP and UIC as primary 
indicator parameters. Individual UPLs were calculated for these on a well-by-well basis. 

For most trace metals and organics where there is limited variability, low concentrations 
relative to the standard, or a large number of non-detects, the entire data set for all wells was 
used to calculate a UPL. 

If sufficient variability existed over the set of wells, then individual UPLs were calculated.  

ALS AND AQLS FOR PARAMETERS WITH AWQS 
Once a UPL was calculated, it was compared to the numerical AWQS to determine the final AL 
and AQL in accordance with the permit. Table 3 outlines the case criteria described in the 
permit. Table 4 gives a summary of all the ALs and AQLs calculated and includes the method 
used to set the final AL for each parameter for the APP. 
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Permit Methodology 

Numerical AWQS have been established for fluoride, 11 trace metals, benzene, toluene, 
ethylbenzene, xylene (BTEX), gross alpha, and radium. For each parameter with an AWQS, the 
ALs and AQLs was set as follows: 

Case 1 – POC Wells 
• If greater than 50% of the results for a well are non-detect, then the AL is set at 80% of the 

AWQS and the AQL is set equal to the AWQS 
• If the calculated UPL is less than 80% of the AWQS, then the AL is set at 80% of the AWQS 

and the AQL is set equal to the AWQS 
• If the calculated UPL is greater than 80% of the AWQS but less than the AWQS, then the AL 

is set equal to the UPL and the AQL is set equal to the AWQS 
• If the calculated UPL is greater than the AWQS, then the AQL is set equal to the calculated 

UPL. No APP-AL is set for that parameter at that monitoring point 

Case 2 – Supplemental Wells 
• If greater than 50% of the results for a well are non-detect, then the AL is set at 80% of the 

AWQS 
• If the calculated UPL is less than 80% of the AWQS, then the AL is set at 80% of the AWQS 
• If the calculated UPL is greater than 80% the AWQS but less than the AWQS, then the AL is 

set equal to the calculated UPL value 
• APP AQLs are not required for supplemental wells 

Note that, although nitrate and nitrite have AWQS, the Temporary APP states that ALs and 
AQLs are not required, as they are not parameters of concern for the process.  

ALS FOR INDICATOR PARAMETERS 
Indicators with Secondary Standards 

Indicator parameters do not have an established AWQS. Secondary drinking water standards 
(SDWS) are available for sulfate, total dissolved solids (TDS), and five trace metals. For each 
parameter with an SDWS, it is proposed to set ALs and AQLs using the same methodology 
described above: 
• If greater than 50% of the results for a well are non-detect, then the AL is set at 80% of the 

SDWS 
• If the calculated UPL is less than 80% of the SDWS, then the AL is set at 80% of the SDWS 
• If the calculated AL is greater than 80% the SDWS, then the AL is set equal to the calculated 

UPL value 

Indicators with No Secondary Standard 

Parameters magnesium, cobalt, and TPH-D, do not have an AWQS or SDWS: 
• The AL for magnesium is set to the calculated UPL for each well 
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• The AL for cobalt is set to the calculated UPL based on all 12 wells 
• TPH-D is set to the calculated UPL based on all 12 wells 

APP AQLs are not required for parameters that do not have an established AWQS.  

CALCULATION TABLES 
Table 4 provides a summary of the proposed AL and AQLs. Support calculations are provided in 
Tables 5 through 8. 
• Table 5 – Primary Four Indicator Parameters (Level 1) 
• Table 6a – Trace Metal Parameters Calculated by Parameter 
• Table 6b – Trace Metal Parameters Calculated by Well 
• Table 7 – Organic Parameters 
• Table 8 – Radiochemical Parameters 

FIELD AND LABORATORY DOCUMENTS 
Groundwater sampling and analysis was conducted in accordance with the requirements of APP Section 
2.5.3 (Groundwater Monitoring and Sampling Protocols). Sampling, preservation, and holding times 
were in accordance with accepted industry standards. Field summaries were generated for each 
monthly event which include the field sheets, calibration records, daily notes, and deviations from 
standard sampling protocols.  his documentation has been submitted as part of the documentation for 
Temporary APP P-106360 and can be supplied upon request. 

REFERENCES 
EPA (United States Environmental Protection Agency), 2009. Statistical Analysis of Groundwater 

Monitoring Data at RCRA Facilities – Unified Guidance. Office of Resource Conservation and 
Recovery. EPA 530/R09-007. March. 

EPA, 2015. ProUCL Version 5.1.00 Technical Guide – Statistical Software for Environmental Applications 
for Data Sets with and without Nondetect Observations. October. 

Helsel, D. R., 2005. Nondetects and Data Analysis – Statistics for Censored Environmental Data. Wiley-
Interscience – A John Wiley & Sons, Inc., Publication. Hoboken, NJ. 

R Core Team, 2016. R: A language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. URL https://www.R-project.org/. 

https://www.r-project.org/


Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

M57-O
Description Magnesium Comments

11
7.5
7.6
10
9.4
9.0
9.0
8.6
9.9

Number of Samples 9
Number of Detections 9
Number of Non-Detections 0
Percentage of Non-Detect 0%
Maximum Value Detected 11

Calculation Method
Direct 

Calculation
Average of Detected Values 9.11
Standard Deviation 1.13
Permit k Value 4.143 One-side Tolerance Interval, 95% Confidence
Calculated AL Using Permit k 13.8 Not Protective Against False Positives
Proposed k  Value 7.47 UPL with 95% Confidence Level
Revised AL Using Proposed k 17.6 Sufficiently Protective Against False Positives

Notes:
All results in milligrams per Liter (mg/L). UPL = Upper Prediction Limit

TABLE 1a - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

Example Case 1

Comparison of UPL Calculations Using the Permit k  Factor 
and the Proposed UPL k  Factor

Results
Example Values Detected at Each Sampling 
Event
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

M52-UBF
Description Magnesium Comments

24
23
23
23
23
24
23
23
24

Number of Samples 9
Number of Detections 9
Number of Non-Detections 0
Percentage of Non-Detect 0%
Maximum Value Detected 24

Calculation Method
Direct 

Calculation
Average of Detected Values 23.3
Proposed k  Value 7.47 UPL with 95% Confidence Level
Standard Deviation 0.5 Traditional Standard Deviation
Calculated UPL 27.1 Not Protective Against False Positives
Coefficient of Variation 0.02 StDev/Ave Must be Greater than 0.1
Adjusted Standard Deviation 2.3 10% of Average
Revised UPL Using Adjusted 
Standard Deviation 41 Sufficiently Protective Against False Positives

Notes:
All results in milligrams per Liter (mg/L). UPL = Upper Prediction Limit

TABLE 1b - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

Example Case 2

Comparison of UPL Calculations Using the Traditional Standard Deviation 
and the Proposed Adjusted Standard Deviation

Results
Example Values Detected at Each Sampling 
Event

P:\Hunter Dickinson\152044 - Florence Copper Env Support 2018\Deliverables\Reports\AL-AQL Calcs\AL-AQL Calculations M52\
AL-AQL Calculation Tables M52 Dec2018.xlsx 2 of 15



Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

<50% ND >50% ND 100% ND 100% ND
M58-O M52-UBF M52-UBF M52-UBF

Description Fluoride Cobalt Antimony TPH-D Comments
0.96 0.000125 0.0005 0.1
0.72 0.00028 0.0005 0.1
0.57 0.000125 0.0005 0.1
0.68 0.00028 0.0005 0.21
0.60 0.000125 0.0005 0.1
0.4 0.000125 0.0005 0.1
0.4 0.000125 0.0005 0.1
0.4 0.000125 0.0005 0.1
0.4 0.000125 0.0005 0.1

Number of Samples 9 9 9 9
Number of Detections 5 2 0 0
Number of Non-Detections 4 7 9 9
Percentage of Non-Detect 44% 78% 100% 100%
Maximum Value Detected 0.96 0.00028 0.0005 NA

Method of Handling Non-Detects Kaplan-Meier
Substitute 
50% PQL

UPL Not 
Calculated

Average of PQL
Stnd Dev-10% 

Average Value 0.57 0.00016 0.112
Standard Deviation 0.18 0.00007 0.0
Coefficient of Variation 0.31 0.43 0.0 StDev/Ave Must be Greater than 0.1
Adjusted Standard Deviation - - 0.011 10% of Average
Proposed k  Value 7.47 7.47 7.47 UPL with 95% Confidence Level
Calculated UPL 1.94 0.0007 80% of Standard 0.20 Sufficiently Protective Against False Positives

Notes:
All results in milligrams per Liter (mg/L). Red = Values are non-detected at the PQL shown.
UPL = Upper Prediction Limit Italics  = Values have been replaced with half the PQL.

TABLE 1c - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS
Example Case 3

Examples of Calculations which Require Handling of Non-Detect Values

Results Example Values at Each Sampling Event
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte
Sample 

Frequency

Number of 
Analysis per 

Year

Fluoride Quarterly 4
Magnesium Quarterly 4
Sulfate Quarterly 4
TDS Quarterly 4

Aluminum Semi-Annual 2
Antimony Semi-Annual 2
Arsenic Semi-Annual 2
Barium Semi-Annual 2
Beryllium Semi-Annual 2
Cadmium Semi-Annual 2
Chromium Semi-Annual 2
Cobalt Semi-Annual 2
Copper Semi-Annual 2
Iron Semi-Annual 2
Lead Semi-Annual 2
Manganese Semi-Annual 2
Mercury Semi-Annual 2
Nickel Semi-Annual 2
Selenium Semi-Annual 2
Thallium Semi-Annual 2
Zinc Semi-Annual 2

Benzene Semi-Annual 2
Ethylbenzene Semi-Annual 2
Toluene Semi-Annual 2
Xylene Semi-Annual 2

Gross-Adjusted Alpha* Semi-Annual 2
Radium 226+228 Semi-Annual 2
Total Number of Analysis per Year 62
Total Number of Permit Required Samples (Wells) 16
Total Number of Comparisons to a Permit Limit 992

Notes:
*Adjusted Alpha calculated as needed.

TABLE 2 - ANALYTICAL PARAMETER REQUIREMENTS 
USED FOR CALCULATION OF K VALUE

Common Ions

Trace Metals (Dissolved)

Organics

Radiochemicals

ANALYTICAL PARAMETERS WITH APP/UIC AL/AQL CALCULATIONS
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Type Calculated UPL is: APP AL APP AQL
> 50% non-detects 80% AWQS AWQS

< 80% AWQS 80% AWQS AWQS
Between 80% and AWQS UPL AWQS

> AWQS None UPL

Calculated UPL is: APP AL APP AQL
> 50% non-detects 80% AWQS None

< 80% AWQS 80% AWQS None
> 80% AWQS UPL None

Well Type Calculated UPL is: APP AL APP AQL
> 50% non-detects 80% SDWS None

< 80% SDWS 80% SDWS None
> 80% SDWS UPL None

Well Type Calculated UPL is: APP AL APP AQL

All Wells UPL UPL None

PARAMETERS WITH NO STANDARDS

Case 1 - POC Wells

Case 2 - 
Supplemental Wells

All Wells

TABLE 3 - CASE CRITERIA FOR SETTING ALS AND AQLS

PARAMETERS WITH AWQS

PARAMETERS WITH SDWS
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Analyte AL Method AWQS SDWS
AL AQL

Fluoride 80% AWQS 4 2 3.2 4
Magnesium Well by Well NE NE 41 NA
Sulfate Well by Well NE 250 316 NA
TDS Well by Well NE 500 1502 NA

Aluminum 80% SDWS NE 0.2 0.16 NA
Antimony 80% AWQS 0.006 NE 0.0048 0.006
Arsenic1 80% AWQS 0.05 NE 0.026 0.05
Barium 80% AWQS 2 NE 1.6 2
Beryllium 80% AWQS 0.004 NE 0.0032 0.004
Cadmium 80% AWQS 0.005 NE 0.004 0.005
Chromium 80% AWQS 0.1 NE 0.08 0.1
Cobalt UPL on All Results NE NE 0.002 NA
Copper 80% SDWS NE 1 0.8 NA
Iron 80% SDWS NE 0.3 0.24 NA
Lead 80% AWQS 0.05 NE 0.04 0.05
Manganese 80% SDWS NE 0.05 0.04 NA
Mercury 80% AWQS 0.002 NE 0.0016 0.002
Nickel 80% AWQS 0.1 NE 0.08 0.1
Selenium 80% AWQS 0.05 NE 0.04 0.05
Thallium 80% AWQS 0.002 NE 0.0016 0.002
Zinc 80% AWQS NE 5 4 NA

Benzene 80% AWQS 0.005 NE 0.004 0.005
Ethylbenzene 80% AWQS 0.7 NE 0.56 0.7
Toluene 80% AWQS 1 NE 0.8 1
Xylene 80% AWQS 10 NE 8 10
TPH-D UPL on All Results NE NE 0.28 NA

Alpha2 Well by Well 15 NE 12.0 15.0
Radium 226+228 Well by Well 5 NE 4.0 5.0

Notes:

TABLE 4 - SUMMARY OF ALERT LEVEL AND 
AQUIFER QUALITY LEVEL VALUES FOR M52-UBF IN THE SITEWIDE APP

M52-UBF POC

Primary Indicator Parameters

Trace Metals

Radiochemicals

Organics

1Arsenic AL set to 0.026 mg/L for select pre-existing wells by permit.  This value is below the standard AL of 
0.04 mg/L.  The lower value is proposed for all wells for consistency.
2The AWQS applies to Adjusted Alpha which equals Gross Alpha minus Uranium Isotopes.  Adjusted Alpha is 
calculated if Gross Alpha is greater than 12 picocuries per liter, otherwise Gross Alpha is used. 
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Magnesium Fluoride Sulfate TDS
M52-UBF 7/19/2017 24 0.69 190 860
M52-UBF 8/17/2017 23 0.65 180 870
M52-UBF 9/14/2017 23 0.74 180 860
M52-UBF 10/25/2017 23 0.71 180 850
M52-UBF 11/16/2017 23 0.71 180 870
M52-UBF 12/12/2017 24 0.59 180 870
M52-UBF 1/9/2018 23 0.4 180 820
M52-UBF 2/9/2018 23 0.66 180 860
M52-UBF 3/7/2018 24 0.64 180 880
Number of Samples 9 9 9 9
Number of Detections 9 8 9 9
Number of Non-Detections 0 1 0 0
Percentage of Non-Detect 0% 11% 0% 0%
Maximum Value Detected 24 0.74 190 880

Calculation Method
Direct 

Calculation Kaplan-Meier
Direct 

Calculation
Direct 

Calculation
Average 23.3 0.64 181 860
Standard Deviation 0.50 0.10 3.3 17
Coefficient of Variation 0.02 0.15 0.02 0.02
Adj Stnd Deviation 2.3 0.10 18 86
k value 7.47 7.47 7.47 7.47
UPL 41 1.36 316 1502
AWQS/SDWS NE 4 250 500
AL 41 3.2 316 1502
AQL - POC Well NA 4.0 NA NA

Notes:
All results in milligrams per liter (mg/L).
(#) = Outlier, excluded from calculations.
Red = Values are non-detected at the PQL shown.
Blue = Coefficient of Variation <0.1
AL = Alert Level
AQL = Aquifer Quality Limit
AWQS = Aquifer Water Quality Standard
NA = Not Applicable
NE = Not Established
SDWS = Secondary Drinking Water Standard
UPL = Upper Prediction Limit

TABLE 5 - PRIMARY FOUR INDICATOR PARAMETERS (LEVEL I)
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Selenium Thallium
M52-UBF 7/19/2017 0.04 0.0005 0.0024 0.051 0.00025 0.00025 0.0011 0.000125 0.00061 0.0005 0.001 0.0025 0.0005
M52-UBF 8/17/2017 0.04 0.0005 0.0024 0.051 0.0013 0.00025 0.00097 0.00028 0.0016 0.0005 0.000094 0.0025 0.0005
M52-UBF 9/14/2017 0.08 0.0005 0.0023 0.049 0.0005 0.00025 0.0013 0.000125 0.0006 0.0005 0.000094 0.0025 0.0005
M52-UBF 10/25/2017 0.08 0.0005 0.0028 0.054 0.0005 0.00025 0.0014 0.00028 0.00065 0.0005 0.00016 0.0025 0.0005
M52-UBF 11/16/2017 0.04 0.0005 0.0025 0.051 0.00025 0.00025 0.00091 0.000125 0.0005 0.0005 0.000079 0.0025 0.0005
M52-UBF 12/12/2017 0.08 0.0005 0.0024 0.048 0.0005 0.00025 0.0009 0.000125 0.0005 0.0005 0.000079 0.0025 0.0005
M52-UBF 1/9/2018 0.04 0.0005 0.0026 0.052 0.00025 0.00025 0.0016 0.000125 0.00057 0.0005 0.000079 0.0025 0.0005
M52-UBF 2/9/2018 0.04 0.0005 0.0028 0.051 0.00025 0.00025 0.0021 0.000125 0.0013 0.0005 0.000079 0.0025 0.0005
M52-UBF 3/7/2018 0.08 0.0005 0.0025 0.05 0.0005 0.00025 0.0021 0.000125 0.0016 0.0005 0.000079 0.0025 0.0005
M54-LBF 7/18/2017 0.04 0.0005 0.0019 0.055 0.00025 0.00025 0.0005 0.000125 0.00093 0.0005 0.001 0.0025 0.0005
M54-LBF 8/15/2017 0.04 0.0005 0.0019 0.049 0.00025 0.00025 0.0015 0.000125 0.0017 0.0005 0.000094 0.0025 0.0005
M54-LBF 9/12/2017 0.04 0.0005 0.0016 0.052 0.00025 0.00025 0.0024 0.00026 0.0007 0.0005 0.000094 0.0025 0.0005
M54-LBF 10/23/2017 0.04 0.0005 0.002 0.054 0.00025 0.00025 0.0013 0.000125 0.001 0.0005 0.000094 0.0025 0.0005
M54-LBF 11/15/2017 0.08 0.0005 0.0019 0.055 0.0005 0.00025 0.00088 0.00034 0.00058 0.0005 0.000079 0.0025 0.0005
M54-LBF 12/12/2017 0.08 0.0005 0.002 0.05 0.0005 0.00025 0.0015 0.00043 0.00077 0.0005 0.000079 0.0025 0.0005
M54-LBF 1/9/2018 0.08 0.0005 0.0018 0.045 0.0005 0.00025 0.0015 0.000125 0.00078 0.0005 0.000079 0.0025 0.0005
M54-LBF 2/7/2018 0.04 0.0005 0.0022 0.048 0.00025 0.00025 0.0022 0.000125 0.0016 0.0005 0.00008 0.0025 0.0005
M54-LBF 3/5/2018 0.08 0.0005 0.0018 0.041 0.0005 0.00025 0.003 0.000125 0.0018 0.0005 0.000079 0.0025 0.0005
M54-O 7/18/2017 0.04 0.0005 0.0014 0.0092 0.00025 0.00025 0.0005 0.000125 0.003 0.0005 0.001 0.0025 0.0005
M54-O 8/15/2017 0.04 0.0005 0.0015 0.0094 0.00025 0.00025 0.0005 0.000125 0.0039 0.0005 0.000094 0.0025 0.0005
M54-O 9/12/2017 0.04 0.0005 0.0021 0.013 0.00025 0.00025 0.0012 0.00041 0.0018 0.0005 0.000094 0.0025 0.0005
M54-O 10/23/2017 0.04 0.0005 0.0019 0.012 0.00025 0.00025 0.00054 0.000125 0.0015 0.0005 0.00013 0.0025 0.0005
M54-O 11/16/2017 0.04 0.0005 0.0024 0.014 0.00025 0.00025 0.0005 0.000125 0.0011 0.0005 0.000079 0.0025 0.0005
M54-O 12/12/2017 0.04 0.0005 0.002 0.012 0.00025 0.00025 0.00085 0.000125 0.00094 0.0005 0.000079 0.0025 0.0005
M54-O 1/9/2018 0.04 0.0005 0.0026 0.015 0.00025 0.00025 0.00065 0.000125 0.0014 0.0005 0.000079 0.0025 0.0005
M54-O 2/7/2018 0.04 0.0005 0.0022 0.013 0.00025 0.00025 0.00088 0.000125 0.0018 0.0005 0.000079 0.0025 0.0005
M54-O 3/6/2018 0.04 0.0005 0.0024 0.015 0.00025 0.00025 0.0018 0.00069 0.048 0.0005 0.000079 0.0025 0.0005
M55-UBF 7/17/2017 (<0.4) 0.0005 0.00062 0.063 0.0025 0.00025 0.0041 0.00077 0.0024 0.0005 0.001 0.0025 0.0005
M55-UBF 8/16/2017 0.04 0.0005 0.00096 0.068 0.0013 0.00025 0.00067 0.00049 0.0018 0.0005 0.000094 0.0025 0.0005
M55-UBF 9/13/2017 0.08 0.0005 0.001 0.071 0.0005 0.00025 0.0013 0.00033 0.00076 0.0005 0.000094 0.0025 0.0005
M55-UBF 10/25/2017 0.08 0.0005 0.0015 0.063 0.0005 0.00025 0.0016 0.000125 0.00082 0.0005 0.000094 0.0025 0.0005
M55-UBF 11/21/2017 0.08 0.0005 0.0016 0.062 0.0005 0.00025 0.0014 0.00026 0.00055 0.0005 0.000079 0.0025 0.0005
M55-UBF 12/12/2017 0.04 0.0005 0.002 0.055 0.00025 0.00025 0.0011 0.00028 0.00075 0.0005 0.00052 0.0025 0.0005
M55-UBF 1/15/2018 0.04 0.0005 0.0023 0.063 0.00025 0.00025 0.0016 0.000125 0.0005 0.0005 0.000079 0.0025 0.0005
M55-UBF 2/9/2018 0.04 0.0005 0.0025 0.06 0.00025 0.00025 0.0026 0.000125 0.0015 0.0005 0.000079 0.0025 0.0005
M55-UBF 3/7/2018 0.08 0.0005 0.0021 0.059 0.0005 0.00025 0.0029 0.00027 0.0018 0.0005 0.000079 0.0025 0.0005
M56-LBF 7/17/2017 (<0.4) 0.0005 0.0005 0.071 0.0025 0.00025 0.0028 0.001 0.0019 0.0005 0.001 0.0026 0.0005
M56-LBF 8/16/2017 0.04 0.0005 0.0005 0.067 0.0013 0.00025 0.0005 0.00037 0.0014 0.0005 0.000094 0.0025 0.0005
M56-LBF 9/13/2017 0.08 0.0005 0.0005 0.076 0.0005 0.00025 0.0005 0.00041 0.00069 0.0005 0.000094 0.0025 0.0005
M56-LBF 10/25/2017 0.08 0.0005 0.00053 0.081 0.0005 0.00025 0.00094 0.000125 0.00066 0.0005 0.00018 0.0025 0.0005
M56-LBF 11/20/2017 0.04 0.0005 0.00056 0.081 0.00025 0.00025 0.0011 0.000125 0.00058 0.0005 0.000079 0.0025 0.0005
M56-LBF 12/12/2017 0.04 0.0005 0.0005 0.065 0.00025 0.00025 0.0016 0.00026 0.0006 0.0005 0.000079 0.0025 0.0005
M56-LBF 1/15/2018 0.04 0.0005 0.00074 0.076 0.00025 0.00025 0.001 0.000125 0.0005 0.0005 0.000079 0.0025 0.0005
M56-LBF 2/9/2018 0.04 0.0005 0.0005 0.074 0.00025 0.00025 0.0014 0.000125 0.0012 0.0005 0.000079 0.0025 0.0005
M56-LBF 3/7/2018 0.08 0.0005 0.00051 0.073 0.0005 0.00025 0.0016 0.000125 0.0015 0.0005 0.000079 0.0025 0.0005

TABLE 6a - TRACE METAL PARAMETERS CALCULATED BY PARAMETER
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Selenium Thallium

TABLE 6a - TRACE METAL PARAMETERS CALCULATED BY PARAMETER

M57-O 7/17/2017 (<0.4) 0.0005 0.0011 0.011 0.0025 0.00025 0.0047 0.000125 0.0033 0.0005 0.00012 0.0025 0.0005
M57-O 8/17/2017 0.04 0.0005 0.0014 0.011 0.00025 0.00025 0.0041 0.000125 0.0028 0.0005 0.000094 0.0025 0.0005
M57-O 9/13/2017 0.04 0.0005 0.0015 0.014 0.00025 0.00025 0.0031 0.000125 0.0019 0.0005 0.000094 0.0025 0.0005
M57-O 10/25/2017 0.04 0.0005 0.0019 0.021 0.00025 0.00025 0.0022 0.000125 0.0018 0.0005 0.00012 0.0025 0.0005
M57-O 11/20/2017 0.04 0.0005 0.0018 0.018 0.00025 0.00025 0.0014 0.000125 0.0023 0.0005 0.000079 0.0025 0.0005
M57-O 12/13/2017 0.04 0.0005 0.0014 0.016 0.00025 0.00025 0.0014 0.000125 0.0015 0.0005 0.000079 0.0025 0.0005
M57-O 1/10/2018 0.04 0.0005 0.0017 0.019 0.00025 0.00025 0.0026 0.000125 0.0013 0.0005 0.000079 0.0025 0.0005
M57-O 2/8/2018 0.04 0.0005 0.0019 0.016 0.00025 0.00025 0.0034 0.000125 0.0031 0.0005 0.000079 0.0025 0.0005
M57-O 3/6/2018 0.04 0.0005 0.0015 0.018 0.00025 0.00025 0.003 0.00026 0.0022 0.0005 0.000079 0.0025 0.0005
M58-O 7/18/2017 0.04 0.0005 0.0026 0.035 0.00025 0.00025 0.0005 0.000125 0.0011 0.0005 0.001 0.0037 0.0005
M58-O 8/15/2017 0.04 0.0005 0.0021 0.037 0.00025 0.00025 0.0017 0.000125 0.0017 0.0005 0.000094 0.0028 0.0005
M58-O 9/12/2017 (<0.2) 0.0005 0.002 0.045 0.0013 0.00025 0.0021 0.0003 0.0015 0.0005 0.000094 0.0025 0.0005
M58-O 10/24/2017 0.04 0.0012 0.0028 0.053 0.00025 0.00025 0.001 0.000125 0.0014 0.0005 0.000094 0.0025 0.0005
M58-O 11/16/2017 0.04 0.0005 0.0023 0.043 0.00025 0.00025 0.0011 0.000125 0.0013 0.0005 0.000079 0.0025 0.0005
M58-O 12/13/2017 0.04 0.0005 0.002 0.04 0.00025 0.00025 0.0022 0.00027 0.0013 0.0005 0.000079 0.0025 0.0005
M58-O 1/9/2018 0.04 0.0005 0.0026 0.059 0.00025 0.00025 0.0018 0.000125 0.0013 0.0005 0.000079 0.0026 0.0005
M58-O 2/7/2018 0.04 0.0005 0.0028 0.051 0.00025 0.00025 0.0025 0.00031 0.0026 0.0005 0.000079 0.0025 0.0005
M58-O 3/6/2018 0.04 0.0005 0.0026 0.06 0.00025 0.00025 0.003 0.00026 0.0025 0.0005 0.000079 0.0027 0.0005
M59-O 7/19/2017 0.04 0.0005 0.0022 0.025 0.00025 0.00025 0.00078 0.000125 0.0018 0.0005 0.001 0.0025 0.0005
M59-O 8/17/2017 0.04 0.0005 0.0023 0.028 0.0013 0.00025 0.001 0.000125 0.0017 0.0005 0.000094 0.0025 0.0005
M59-O 9/14/2017 0.04 0.0005 0.0023 0.029 0.00025 0.00025 0.00065 0.000125 0.0015 0.0005 0.000094 0.0025 0.0005
M59-O 10/24/2017 0.04 0.0005 0.0024 0.023 0.00025 0.00025 0.00083 0.000125 0.0013 0.0005 0.000094 0.0025 0.0005
M59-O 11/20/2017 0.04 0.0005 0.0025 0.027 0.00025 0.00025 0.00092 0.000125 0.00084 0.0005 0.000079 0.0025 0.0005
M59-O 12/14/2017 0.04 0.0005 0.0025 0.022 0.00025 0.00025 0.0005 0.000125 0.001 0.0005 0.000079 0.0025 0.0005
M59-O 1/10/2018 0.04 0.0005 0.0024 0.018 0.00025 0.00025 0.0011 0.000125 0.0015 0.0005 0.000079 0.0025 0.0005
M59-O 2/8/2018 0.04 0.0005 0.0026 0.031 0.00025 0.00025 0.00093 0.000125 0.0023 0.0005 0.000079 0.0025 0.0005
M59-O 3/7/2018 0.08 0.0005 0.0023 0.033 0.0005 0.00025 0.0015 0.000125 0.0034 0.0005 0.000079 0.0025 0.0005
M60-O 7/19/2017 0.04 0.0005 0.0017 0.036 0.00025 0.00025 0.0022 0.000125 0.0023 0.0005 0.001 0.0025 0.0005
M60-O 8/16/2017 0.04 0.0005 0.0022 0.029 0.00025 0.00025 0.001 0.000125 0.0029 0.0005 0.000094 0.0026 0.0005
M60-O 9/14/2017 0.04 0.0005 0.002 0.035 0.00025 0.00025 0.00092 0.000125 0.0022 0.0005 0.000094 0.0025 0.0005
M60-O 10/24/2017 0.04 0.0005 0.0014 0.047 0.00025 0.00025 0.0021 0.00063 0.0019 0.0005 0.000094 0.0025 0.0005
M60-O 11/21/2017 0.04 0.0005 0.0015 0.048 0.00025 0.00025 0.0024 0.00057 0.0018 0.0005 0.000079 0.0025 0.0005
M60-O 12/14/2017 0.04 0.0005 0.0015 0.048 0.00025 0.00025 0.0016 0.00052 0.0018 0.0005 0.000079 0.0025 0.0005
M60-O 1/15/2018 0.04 0.0005 0.0022 0.041 0.00025 0.00025 0.0022 0.000125 0.0017 0.0005 0.000079 0.0025 0.0005
M60-O 2/7/2018 0.04 0.0005 0.0023 0.035 0.00025 0.00025 0.0021 0.000125 0.0022 0.0005 0.000079 0.0025 0.0005
M60-O 3/8/2018 0.04 0.0005 0.0017 0.031 0.00025 0.00025 0.0024 0.000125 0.0023 0.0005 0.000079 0.0025 0.0005
M61-LBF 7/19/2017 0.04 0.0005 0.0018 0.064 0.00025 0.00025 0.0005 0.000125 0.00053 0.0005 0.001 0.0025 0.0005
M61-LBF 8/16/2017 0.04 0.0005 0.0019 0.063 0.00025 0.00025 0.0005 0.000125 0.0009 0.0005 0.000094 0.0025 0.0005
M61-LBF 9/14/2017 0.04 0.0005 0.0024 0.062 0.00025 0.00025 0.0005 0.000125 0.0013 0.0005 0.000094 0.0025 0.0005
M61-LBF 10/23/2017 0.04 0.0005 0.0027 0.065 0.00025 0.00025 0.0005 0.000125 0.0007 0.0005 0.000094 0.0025 0.0005
M61-LBF 11/20/2017 0.04 0.0005 0.0023 0.071 0.00025 0.00025 0.0005 0.000125 0.00099 0.0005 0.000079 0.0025 0.0005
M61-LBF 12/13/2017 0.04 0.0005 0.0018 0.052 0.00025 0.00025 0.00062 0.000125 0.00075 0.0005 0.000079 0.0025 0.0005
M61-LBF 1/11/2018 0.04 0.0005 0.002 0.08 0.00025 0.00025 0.0017 0.000125 0.0007 0.0005 0.000079 0.0025 0.0005
M61-LBF 1/25/2018 0.04 0.0005 0.0018 0.085 0.00025 0.00025 0.0017 0.000125 0.00084 0.0005 0.000079 0.0025 0.0005
M61-LBF 2/9/2018 0.04 0.0005 0.0021 0.085 0.00025 0.00025 0.002 0.000125 0.001 0.0005 0.000079 0.0025 0.0005
M61-LBF 3/8/2018 0.04 0.0005 0.0019 0.069 0.00025 0.00025 0.0005 0.000125 0.0011 0.0005 0.000079 0.0025 0.0005
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Selenium Thallium

TABLE 6a - TRACE METAL PARAMETERS CALCULATED BY PARAMETER

MW-01-LBF 12/28/2017 0.08 0.0005 0.0015 0.048 0.0005 0.00025 0.0015 0.00029 0.0007 0.00066 0.000079 0.0025 0.0005
MW-01-LBF 1/11/2018 0.04 0.0005 0.0015 0.077 0.00025 0.00025 0.0019 0.00029 0.00068 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 1/25/2018 0.04 0.0005 0.0018 0.081 0.00025 0.00025 0.0014 0.00029 0.00076 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 2/8/2018 0.04 0.00056 0.0012 0.062 0.00025 0.00025 0.0025 0.00055 0.0022 0.0005 0.000079 0.0027 0.0005
MW-01-LBF 2/22/2018 0.08 0.0005 0.00061 0.074 0.0005 0.00025 0.00076 0.0006 0.0014 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 3/8/2018 0.04 0.0005 0.0011 0.071 0.00025 0.00025 0.00077 0.00036 0.002 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 3/22/2018 0.04 0.0005 0.0016 0.078 0.00025 0.00025 0.0013 0.00033 0.0007 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 4/5/2018 0.04 0.0005 0.0015 0.072 0.00025 0.00025 0.0013 0.00035 0.00069 0.0005 0.000079 0.0025 0.0005
MW-01-LBF 4/19/2018 0.04 0.0005 0.0016 0.074 0.00025 0.00025 0.0014 0.00035 0.00077 0.0005 0.000079 0.0025 0.0005
MW-01-O 12/28/2017 0.04 0.0005 0.0014 0.027 0.00025 0.00025 0.0043 0.00035 0.0047 0.0022 0.000079 0.0025 0.0005
MW-01-O 1/11/2018 0.04 0.0005 0.0021 0.035 0.00025 0.00025 0.0044 0.000125 0.0018 0.0005 0.000079 0.0025 0.0005
MW-01-O 1/25/2018 0.04 0.0005 0.0019 0.036 0.00025 0.00025 0.0061 0.000125 0.0024 0.0005 0.000079 0.0026 0.0005
MW-01-O 2/8/2018 0.04 0.0005 0.0015 0.027 0.00025 0.00025 0.0025 0.001 0.0017 0.0005 0.000086 0.0031 0.0005
MW-01-O 2/22/2018 0.04 0.0005 0.0018 0.033 0.00025 0.00025 0.0021 0.00029 0.0017 0.0005 0.000079 0.0026 0.0005
MW-01-O 3/8/2018 0.04 0.0005 0.002 0.034 0.00025 0.00025 0.0043 0.000125 0.0027 0.0005 0.000079 0.0025 0.0005
MW-01-O 3/22/2018 0.04 0.0005 0.0022 0.022 0.00025 0.00025 0.0035 0.00034 0.0022 0.0005 0.000079 0.0027 0.0005
MW-01-O 4/5/2018 0.04 0.0005 0.0016 0.019 0.00025 0.00025 0.0026 0.000125 0.0019 0.0005 0.000079 0.0025 0.0005
MW-01-O 4/19/2018 0.04 0.0005 0.0019 0.016 0.00025 0.00025 0.0057 0.000125 0.003 0.0005 0.000079 0.0025 0.0005
Number of Samples 105 109 109 109 109 109 109 109 109 109 109 109 109
Number of Detections 0 2 104 109 0 0 95 38 106 2 8 12 0
Number of Non-Detections 105 107 5 0 109 109 14 71 3 107 101 97 109
Percentage of Non-Detect 100% 98% 5% 0% 100% 100% 13% 65% 3% 98% 93% 89% 100%
Maximum Value Detected 0.08000 0.0012 0.0028 0.0850 0.0025 0.0003 0.0061 0.00100 0.04800 0.0022 0.0010 0.0037 0.0005

Calculation Method
80% of 
SDWS

80% of 
AWQS

Direct 
Calculation

Direct 
Calculation

80% of 
AWQS

80% of 
AWQS

Direct 
Calculation

Direct 
Calculation

Direct 
Calculation

80% of 
AWQS

80% of 
AWQS

80% of 
AWQS

80% of 
AWQS

Average 0.0018 0.0457 0.0017 0.0002 0.0019
Standard Deviation 0.0006 0.0216 0.0011 0.0002 0.0045
Coefficient of Variation 0.33 0.47 0.67 0.79 2.34
Adj Stnd Deviation 0.0006 0.0216 0.0011 0.0002 0.0045
k value 7.47 7.47 7.47 7.47 7.47
UPL 0.0064 0.2071 0.0103 0.0016 0.0358
AWQS/SDWS 0.2 0.006 0.05 2 0.004 0.005 0.1 NE 1 0.05 0.002 0.05 0.002
AL 0.16 0.0048 0.026 1.6 0.0032 0.004 0.08 0.002 0.8 0.04 0.0016 0.040 0.0016
AQLS NA 0.006 0.05 2 0.004 0.005 0.1 NA NA 0.05 0.002 0.05 0.002
Notes:

All results in milligrams per liter (mg/L). AL = Alert Level NE = Not Established
(#) = Outlier or RL above 80% of standard, excluded from calculations. AQL = Aquifer Quality Limit SDWS = Secondary Drinking Water Standard
Red = Values are non-detected at the PQL shown. AWQS = Aquifer Water Quality Standard UPL = Upper Prediction Limit
Italics  = Values are non-detected.  One-half the PQL shown. NA = Not Applicable
Blue = Coefficient of Variation <0.1 Arsenic AL set to 0.026 mg/L for select wells by permit.  Used for all wells for consistency.
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Iron Manganese Nickel Zinc
M52-UBF 7/19/2017 (<0.3) 0.00099 0.0041 0.04
M52-UBF 8/17/2017 0.0031 0.0011 0.011 0.04
M52-UBF 9/14/2017 0.0031 0.00059 0.0092 0.04
M52-UBF 10/25/2017 0.0031 0.00058 0.0099 0.04
M52-UBF 11/16/2017 0.0031 0.00055 0.011 0.04
M52-UBF 12/12/2017 0.024 0.00036 0.0097 0.04
M52-UBF 1/9/2018 0.0031 0.00045 0.008 0.04
M52-UBF 2/9/2018 0.0031 0.00025 0.0084 0.04
M52-UBF 3/7/2018 0.0031 0.00025 0.0079 0.04
Number of Samples 8 9 9 9
Number of Detections 1 7 7 0
Number of Non-Detections 7 2 2 9
Percentage of Non-Detect 88% 22% 22% 100%
Maximum Value Detected 0 0.0011 0.011 0.04
Calculation Method 80% of SDWS Kaplan-Meier Kaplan-Meier 80% of SDWS
Average 0.0006 0.0080
Standard Deviation 0.0003 0.0027
Coefficient of Variation 0.50 0.34
Adj Stnd Deviation 0.0003 0.0027
k value 7.47 7.47
UPL 0.003 0.028
AWQS/SDWS 0.3 0.05 0.1 5
AL 0.24 0.04 0.08 4
AQL - POC Well NA NA 0.1 NA

Notes:
All results in milligrams per liter (mg/L).
(#) = Outlier, excluded from calculations.
Red = Values are non-detected at the PQL shown.
Blue = Coefficient of Variation <0.1
AL = Alert Level
AQL = Aquifer Quality Limit
AWQS = Aquifer Water Quality Standard
NA = Not Applicable
NE = Not Established
SDWS = Secondary Drinking Water Standard
UPL = Upper Prediction Limit

TABLE 6b - TRACE METAL PARAMETERS CALCULATED BY WELL
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Benzene Ethylbenzene Toluene Xylene TPH-Diesel
M52-UBF 7/19/2017 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 8/17/2017 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 9/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 10/25/2017 0.0005 0.0005 0.0005 0.0015 0.21
M52-UBF 11/16/2017 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 12/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 1/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 2/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M52-UBF 3/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 7/18/2017 0.0005 0.0005 0.0005 0.0015 0.11
M54-LBF 8/15/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 9/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 10/23/2017 0.0005 0.0005 0.0005 0.0015 0.2
M54-LBF 11/15/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 12/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 1/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 2/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M54-LBF 3/5/2018 0.0005 0.0005 0.0005 0.0015 0.1
M54-O 7/18/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-O 8/15/2017 0.0005 0.0005 0.0005 0.0015 0.1
M54-O 9/12/2017 0.0005 0.0005 0.00064 0.0015 0.1
M54-O 10/23/2017 0.0005 0.0005 0.0013 0.0015 0.1
M54-O 11/16/2017 0.0005 0.0005 0.00095 0.0015 0.1
M54-O 12/12/2017 0.0005 0.0005 0.00059 0.0015 0.1
M54-O 1/9/2018 0.0005 0.0005 0.001 0.0015 0.1
M54-O 2/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M54-O 3/6/2018 0.0005 0.0005 0.00053 0.0015 0.1
M55-UBF 7/17/2017 0.0005 0.0005 0.0005 0.0015 0.11
M55-UBF 8/16/2017 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 9/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 10/25/2017 0.0005 0.0005 0.0005 0.0015 0.2
M55-UBF 11/21/2017 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 12/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 1/15/2018 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 2/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M55-UBF 3/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 7/17/2017 0.0005 0.0005 0.0005 0.0015 0.11
M56-LBF 8/16/2017 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 9/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 10/25/2017 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 11/20/2017 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 12/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 1/15/2018 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 2/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M56-LBF 3/7/2018 0.0005 0.0005 0.0005 0.0015 0.1

TABLE 7 - ORGANIC PARAMETERS
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Benzene Ethylbenzene Toluene Xylene TPH-Diesel

TABLE 7 - ORGANIC PARAMETERS

M57-O 7/17/2017 0.0005 0.0005 0.00068 0.0015 0.11
M57-O 8/17/2017 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 9/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 10/25/2017 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 11/20/2017 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 12/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 1/10/2018 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 2/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
M57-O 3/6/2018 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 7/18/2017 0.0005 0.0005 0.0005 0.0015 0.11
M58-O 8/15/2017 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 9/12/2017 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 10/24/2017 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 11/16/2017 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 12/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 1/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 2/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M58-O 3/6/2018 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 7/19/2017 0.0005 0.0005 0.00052 0.0015 0.1
M59-O 8/17/2017 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 9/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 10/24/2017 0.0005 0.0005 0.0005 0.0015 0.2
M59-O 11/20/2017 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 12/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 1/10/2018 0.0005 0.0005 0.0005 0.0015 0.1
M59-O 2/8/2018 0.0005 0.0005 0.00055 0.0015 0.1
M59-O 3/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 7/19/2017 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 8/16/2017 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 9/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 10/24/2017 0.0005 0.0005 0.0005 0.0015 0.2
M60-O 11/21/2017 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 12/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 1/15/2018 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 2/7/2018 0.0005 0.0005 0.0005 0.0015 0.1
M60-O 3/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
M61-LBF 7/19/2017 0.0005 0.0005 0.0005 0.0015 0.1
M61-LBF 8/16/2017 0.0005 0.0005 0.0013 0.0015 0.1
M61-LBF 9/14/2017 0.0005 0.0005 0.0005 0.0015 0.1
M61-LBF 10/23/2017 0.0005 0.0005 0.0012 0.0015 0.2
M61-LBF 11/20/2017 0.0005 0.0005 0.0027 0.0015 0.1
M61-LBF 12/13/2017 0.0005 0.0005 0.0005 0.0015 0.1
M61-LBF 1/11/2018 0.0005 0.0005 0.0005 0.0015 (<0.01)
M61-LBF 1/25/2018 0.0005 0.0005 0.0005 0.0015 0.1
M61-LBF 2/9/2018 0.0005 0.0005 0.0005 0.0015 0.1
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Benzene Ethylbenzene Toluene Xylene TPH-Diesel

TABLE 7 - ORGANIC PARAMETERS

M61-LBF 3/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 12/28/2017 0.0005 0.0005 0.00081 0.0015 0.1
MW-01-LBF 1/11/2018 0.0005 0.0005 0.00061 0.0015 (<0.01)
MW-01-LBF 1/25/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 2/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 2/22/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 3/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 3/22/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 4/5/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-LBF 4/19/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 12/28/2017 0.0005 0.0005 0.00065 0.0015 0.1
MW-01-O 1/11/2018 0.0005 0.0005 0.0016 0.0015 (<0.01)
MW-01-O 1/25/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 2/8/2018 0.00056 0.0005 0.0017 0.0015 0.1
MW-01-O 2/22/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 3/8/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 3/22/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 4/5/2018 0.0005 0.0005 0.0005 0.0015 0.1
MW-01-O 4/19/2018 0.0005 0.0005 0.0005 0.0015 0.1
Number of Samples 109 109 109 109 106
Number of Detections 1 0 17 0 0
Number of Non-Detections 108 109 92 109 106
Percentage of Non-Detect 99% 100% 84% 100% 100%
Maximum Value 0.00056 0.0005 0.0027 0.0015 0.2100

Calculation Method 80% AWQS 80% AWQS 80% AWQS 80% AWQS
Direct 

Calculation
Average 0.1062
Standard Deviation 0.0236
Coefficient of Variation 0.22
Adj Stnd Deviation 0.0236
k value 7.47
UPL 0.283
AWQS 0.005 0.7 1 10 NE
AL 0.004 0.56 0.8 8 0.28
AQLS 0.005 0.70 1.0 10 NA

Notes:
All results in milligrams per liter (mg/L). AWQS = Aquifer Water Quality Standard
Red = Values are non-detected at the PQL shown. NA = Not Applicable
(#) = Outlier excluded from calculations. NE = Not Established
AL = Alert Level PQL = Practical Quantitation Limit
AQL = Aquifer Quality Limit TPH = Total Petroleum Hydrocarbons
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Florence Copper Inc.
Procedures for Determining 

Alert Levels and Aquifer Quality Limits

Well Sample Date Gross Alpha Adjusted Alpha** Total Radium
M52-UBF 7/19/2017 4.7 4.7 0.6
M52-UBF 8/17/2017 4.5 4.5 0.5
M52-UBF 9/14/2017 5.3 5.3 0.7
M52-UBF 10/25/2017 4.6 4.6 0.7
M52-UBF 11/16/2017 4.1 4.1 0.6
M52-UBF 12/12/2017 4.6 4.6 0.6
M52-UBF 1/9/2018 5.9 5.9 0.9
M52-UBF 2/9/2018 5.2 5.2 0.6
M52-UBF 3/7/2018 4.7 4.7 0.8
Number of Samples 9 9
Number of Detections 9 3
Number of Non-Detections 0 6
Percentage of Non-Detect 0% 67%
Maximum Value Detected 5.9 0.9

Calculation Method Direct Calculation 80% of AWQS
Average 4.84
Standard Deviation 0.53
Coefficient of Variation 0.11
Adj Stnd Deviation 0.53
k value 7.47
UPL 8.8
AWQS 15 5
AL 12.0 4
AQL - POC Well 15 5

Notes:
All results in picocuries per liter (pCu/L).
**The Gross Alpha or Adjusted Alpha, if calculated, is shown.
Results shown as the primary result and the radioactivity range is not shown.

(#) = Outlier, excluded from calculations.
Red = Values are non-detected at the PQL shown.
Blue = Coefficient of Variation <0.1
AL = Alert Level
AQL = Aquifer Quality Limit
AWQS = Aquifer Water Quality Standard
NA = Not Applicable
NE = Not Established
UPL = Upper Prediction Limit

TABLE 8 - RADIOCHEMICAL PARAMETERS
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Application to Amend Aquifer Protection Permit No. P-101704 
Florence Copper Project 
 
Attachment 16 (Item 19J):  Technical Requirements — Closure and Post-Closure 
Plans 
 
 
16.1 INTRODUCTION 
 
16.1.1 Background  
 
This Attachment conveys information describing the closure and post-closure plans for Florence Copper 
Project (FCP) discharging facilities in support of the application for significant amendment (application) 
of Aquifer Protection Permit (APP) No. P-101704 requested by Florence Copper Inc. (Florence Copper) in 
accordance with Arizona Administrative Code (A.A.C.) R18-9-A211(A)(1).  The information presented in 
this Attachment is provided in response to Item 19J (Closure and Post-Closure Plans) of the application 
form. 
 
This Attachment includes information that describes the closure and post-closure activities proposed by 
Florence Copper for the planned full-scale in-situ copper recovery (ISCR) facility which will include an 
ISCR well field, pregnant leach solution (PLS) pond, raffinate pond, runoff pond, water impoundments, 
and related infrastructure.   
 
Information presented in this Attachment is more appropriately described as a closure strategy than a 
closure plan.  Arizona Revised Statute (A.R.S.) § 49-243.A.8 requires applicants for individual permits to 
submit “closure strategies” with their applications, whereas A.A.C. R18-9-A209.B.3 requires an owner or 
operator of a permitted facility to submit a “closure plan” within 90 days after announcing an intent to 
permanently close all or part of the permitted facility.   
 
In addition to this closure and post-closure strategy, Florence Copper is required to develop and comply 
with closure and post-closure plans in accordance the United States Environmental Protection Agency 
(USEPA) Underground Injection Control (UIC) regulations and to comply with the reclamation 
requirements of the Arizona State Land Department (ASLD) as specified in its regulations and in Mineral 
Lease No. 11-26500.  The focus of this plan is to close the FCP components in a manner that will protect 
groundwater in accordance with APP and UIC regulations and that will be consistent with ASLD 
requirements. 
 
16.1.2 FCP Facilities  
 
The facilities listed below will be required for commercial ISCR operations, which will include 
development of the entire ISCR using a process of simultaneous development, operation, and closure of 
multiple resource blocks in sequential order.  The proposed ISCR facility is generally described in 
Attachment 1 and is described in detail in Attachment 9.   
 
ISCR operations will include:  

 Existing office building and septic system, warehouse and shop facilities, core storage building, 
roads, and associated infrastructure. 

 A variable number of bermed well field units which will vary in size and will contain a number of 
injection and recovery wells based on the site extraction plan and operational requirements.  
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Both the number and size of the units remaining at closure are dependent on the stage of 
development and operation within the ISCR area.  Approximately 597 injection and recovery 
wells are estimated to be in existence at the commencement of closure. 

 In addition to the injection and recovery wells, each well field unit will include a proportional 
number of perimeter and observation wells for monitoring and maintaining hydraulic control. 

 Pipelines connecting each well head, including secondary containment such as lined pipe 
corridors, double walled pipe, or similar containment. 

 Field offices and control facilities in the ISCR and water treatment and water impoundment 
area. 

 Beneficiation area including:   
- Commercial-scale solvent extraction and electrowinning (SX/EW) plant with associated 

tanks; 
- Sulfuric acid delivery area, tank, transfer pump; 
- Dry lime delivery area, mixing tank, slaking system, transfer pump; and 
- PLS, raffinate, and runoff ponds. 

 Five new water impoundments in addition to the existing BHP Copper Inc. (BHP Copper) water 
impoundment and the Production Test Facility (PTF) runoff pond and water impoundment 
described below. 

 An expanded water treatment facility and tank farm. 

 An expanded pad to accommodate the expanded water treatment facility and the expanded 
water treatment tank farm, multiple tank farms in the ISCR area, and additional pipelines and 
lined containment channels. 

 Security fencing for the ISCR area, tank farms, and water impoundments. 

 Upgraded power lines, an expanded electrical substation, and other infrastructure to support 
full-scale commercial operations. 

 Thirty-two Point of Compliance (POC) wells. 
 
In addition to these planned facilities, all facilities associated within the PTF will be incorporated in the 
full scale ISCR operations.  The PTF-related facilities will be closed in the same manner as the full-scale 
ISCR facilities.  The PTF well field will be incorporated into one of the well field units of the full scale ISCR 
facility and will be closed with the remainder of that unit when operations are completed in that unit.   
 
16.1.3 PTF Facilities Description 
 
Components of the PTF include: 

 PTF well field including four injection wells, nine recovery wells, seven observation wells, four 
multi-level sampling wells, well heads, piping, and liners. 

 Pipeline corridor including liner, sumps, a pipeline for PLS, and a pipeline for raffinate. 

 Beneficiation area including:   
- Sulfuric acid delivery area, tank, transfer pump; 
- Dry lime delivery area, mixing tank, transfer pump;  
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- Raffinate tanks, transfer pumps; 
- PLS tanks, transfer pumps;  
- Runoff pond;  
- Water impoundment;  
- Modular trailers for offices, control rooms, etc.; and 
- Pilot scale SX/EW plant. 

**Note:  All components listed under “Beneficiation Area” are located on impermeable 
liners and either drain directly to the runoff pond or drain to lined sumps for collection and 
return to the runoff pond. 

 Seven POC wells. 
 
16.1.4 Existing Facilities 
 
Existing discharging facilities within the proposed Pollutant Management Area (PMA) include those 
currently permitted under the terms of APP No. P-101704 and APP No. P-106360.  A list of these 
discharging facilities is provided in Tables 1-1 and 1-2 of Attachment 1.  It is important to note that most 
of the discharging facilities permitted under APP No. P-101704 were never constructed but are planned 
for construction following issuance of the amended APP pursuant to this application.  Facilities (APP 
No. P-101704) that were not constructed include: 

1. Majority of permitted injection and recovery wells.  The only injection and recovery wells 
constructed under APP No. P-101704 were associated with the BHP Copper well field which 
included 21 UIC Class III injection, recovery, and observation wells.  The ISCR well field 
contemplated under this permit includes more than 2,000 UIC Class III wells. 

2. Raffinate pond.  The planned beneficiation facility was not constructed, and consequently this 
pond was not needed or constructed.  This application includes a request to permit a newly 
redesigned raffinate pond. 

3. PLS pond.  The planned beneficiation facility was not constructed, and consequently this pond 
was not needed or constructed.  This application includes a request to permit a newly 
redesigned PLS pond. 

4. Runoff pond.  The planned beneficiation facility was not constructed, and consequently this 
pond was not needed or constructed.  This application includes a request to permit a newly 
redesigned runoff pond. 

5. Majority of water impoundments.  A total of 13 water impoundments were originally 
contemplated for construction under APP No. P-101704.  However, the planned operations by 
the previous owner did not proceed, which eliminated the immediate need for these 
impoundments, and only one impoundment was constructed.  That impoundment remains 
active and is currently permitted and operated under the terms of APP No. P-101704.  Florence 
Copper has redesigned the planned water impoundments and implemented operational 
efficiencies that have reduced the number of water impoundments required.  This application 
includes a request to permit the newly redesigned water impoundments.  
 

All of the facilities associated with APP No. P-10630 listed in Table 1-1 of Attachment 1 have been 
constructed and are currently in operation under the terms of that permit. 
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There are no known additional discharging facilities located within the proposed PMA.  However, there 
are existing features (wells, coreholes, and underground workings) shown on Figures 8-1 and 8-2 that 
are associated with exploration activities that were conducted by previous owners in the 1970s and 
1990s.  All of the existing wells and coreholes within 500 feet of planned injection and recovery wells 
will be abandoned prior to commencement of injection as described below.  All other features will be 
unaffected by the development and operation of the ISCR facility and will remain subject to the general 
closure and post-closure requirements of APP No. P-101704 and UIC Permit No. R9UIC-AZ3-FY11-1. 
 
All wells and coreholes will be abandoned in accordance with the Plugging and Abandonment Plan that 
is included as Appendix C of UIC Permit No. R9UIC-AZ3-FY11-1.  The Plan is included in this attachment 
as Exhibit 16-1.  As shown on Figure 8-1 and 8-2, all wells and coreholes to be abandoned in advance of 
ISCR well field operations are located on Florence Copper property on the State Land parcel leased to 
Florence Copper.   
 
16.1.5 Closure Objective   
 
The closure objective is to ensure compliance with the requirements of A.R.S. §§ 49-243 B.2 and B.3 by 
preventing discharges of any pollutant that will cause or contribute to a violation of an Aquifer Water 
Quality Standard (AWQS) at the applicable POC, or that will further degrade at the applicable POC the 
quality of any aquifer that at the time of permit issuance violates the AWQS for that pollutant.  To 
achieve these objectives, Florence Copper proposes to restore groundwater in each portion of the 
formation after injection and recovery of ISCR has been completed.  Groundwater will be restored to a 
quality where constituents with AWQS meet the AWQS or pre-operational background concentrations if 
those concentrations exceed AWQS values.  Restoring groundwater to this high quality results in a 
reduction in the concentration of all groundwater constituents, not just constituents with AWQS.  
Florence Copper also proposes to close surface facilities in a manner that will prevent contamination of 
the soil to prevent an exceedance of the pre-determined Soil Remediation Levels (SRL) for residential 
property as listed in Appendix A of the Arizona Soil Remediation Standards and the Groundwater 
Protection Limits (GPL) established by the Arizona Department of Environmental Quality (ADEQ).  
 
This closure strategy addresses all components of ISCR operations, including APP-exempt facilities, to 
provide a comprehensive understanding of all proposed closure activities.  This strategy and the related 
cost estimates provided in Attachment 3 address closure activities required by the APP, UIC, and ASLD 
programs.  To avoid duplicative financial assurance, it is anticipated that the total amount of financial 
assurance provided to ADEQ will be reduced by the amounts covered by any requests made by the 
USEPA and ASLD for separate financial assurance instruments. 
 
16.2 DESCRIPTION OF CLOSURE ACTIVITIES 
 
The proposed closure ISCR facility activities are described below. 
 
16.2.1 Closure Activities in the ISCR Well Field 
 
Closure activities in the ISCR well field will occur in three steps: (1) restoration of groundwater quality to 
levels meeting AWQS or pre-operational concentrations if the pre-operational concentrations exceed 
AWQS; (2) closure (abandonment) of all ISCR wells in accordance with the Plugging and Abandonment 
Plan; and (3) closure of related surface facilities in the well field, including pipelines and tanks.  
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Once the injection has begun, the APP and the UIC Permit will require that hydraulic control be 
maintained in the well field from the time that injection begins until groundwater quality has been 
restored to meet the closure criteria specified.  Groundwater restoration will begin after the scheduled 
operations have been completed and after a notice is given in accordance with A.A.C. R18-A209.B.2.  
 
The groundwater restoration process involves rinsing the formation to reduce constituent 
concentrations to levels that meet AWQS or pre-operational concentrations if the pre-operational 
concentrations exceed AWQS.  The groundwater pumped during rinsing will flow through the same 
tanks, piping, and equipment used during ISCR operations and will serve to rinse these components with 
increasingly high-quality water over the rinsing period.  As a result, tanks, piping, and equipment will 
have been thoroughly rinsed by the time that ADEQ and USEPA approve the restoration and authorize 
abandonment of the wells.  This will allow the removal of all tanks, piping, equipment, and liners from 
the well field to the runoff pond to commence simultaneously with the abandonment of the wells.  For 
contingency purposes, however, the last FCP components to be dismantled will be, in order, the runoff 
pond and the water impoundment. 
 
16.2.1.1 Groundwater Restoration Process 
 
The following groundwater restoration process assumes a notice of permanent cessation has been given 
in accordance with A.A.C. R18-A209.B.2 and a closure plan has been submitted in accordance with 
A.A.C. R18-A209.B.3.   

1. Restoration of groundwater will begin after injection for copper recovery has been discontinued.  
Restoration will be accomplished by using groundwater, or appropriately treated recycled 
water, to sweep residual ISCR solutions into recovery wells.  The groundwater may be pulled 
from the aquifer surrounding the well field or it may be pumped from nearby wells and then 
injected.  Injection may occur with or without buffering agents such as sodium bicarbonate or 
other non-hazardous neutralizing agents.  The duration, rate, and extent of injection and 
neutralization will vary as the concentrations of sulfate and other constituents detected in ISCR 
solutions in the recovery well manifold change during the process.  Because all ISCR wells are 
permitted as UIC Class III injection wells, all injection and recovery wells may be used to either 
inject rinse water with buffering agents or to extract rinse water.  Each injection well may be 
converted for use as a recovery well, and vice versa, in order to enhance restoration efficiency.   

2. As groundwater restoration nears completion, all injection wells will be converted to recovery 
wells to ensure that concentrations in recovery well manifold(s) are representative of 
groundwater quality in the ISCR well field.   

3. Rinsing will continue and sulfate concentrations in the recovery well manifold solution will be 
periodically sampled until the sulfate concentration declines below 750 milligrams per liter 
(mg/L).  

4. When sulfate concentrations in the recovery well manifold solution decline below 750 mg/L, a 
sample of manifold water will be collected and analyzed for the Level 2 parameters listed in APP 
No. P-101704.   

5. Samples will be periodically collected from the recovery well manifold(s) and analyzed for 
Level 2 parameters until all constituents with AWQS either meet the AWQS or pre-operational 
concentrations if the pre-operational concentrations exceed the AWQS.  Hydraulic control will 
continue until the sulfate concentration at each well is determined to meet the indicator sulfate 
concentration or alternate concentration as explained below.  Provided that hydraulic control is 
maintained, pumping from any well may be suspended when groundwater quality at that well is 
determined to meet the indicator sulfate concentration or alternate concentration.   
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6. Once the sulfate concentration at each well is less than the indicator sulfate concentration or 
alternate concentration, hydraulic control will be suspended for 30 days. 

7. After 30 or more days have elapsed, the recovery wells will be restarted and the sulfate 
concentration in solutions in the recovery well manifold(s) will be analyzed for sulfate.  If the 
sulfate concentration(s) are equal to or below the indicator sulfate concentration or alternate 
concentration, the closure criteria will be deemed to have been met and the rinsing and 
maintenance of hydraulic control will be discontinued. 

8. A closure report documenting the results of the restoration process will be submitted to ADEQ 
and USEPA, and closure (abandonment) of the ISCR wells will commence promptly after ADEQ 
and USEPA have authorized abandonment of the wells.   

 
The concept of using a well-specific alternate to the sulfate indicator concentration is based on the 
recognition that the sulfate concentration in some wells will likely be higher than the sulfate indicator 
concentration due to well-to-well variability in sulfate concentrations based on natural formation 
conditions.  A well would be eligible for an alternate concentration only if the sulfate concentration is 
less than 750 mg/L and the constituents meet AWQS or pre-operational concentrations if they exceed 
the AWQS.   
 
16.2.1.2 Well Closure 
 
Wells within the ISCR well field will be closed in accordance with the schedule described in Section 16.3 
below.  All wells will be abandoned in accordance with procedures included in the Plugging and 
Abandonment Plan, attached as Exhibit 16-1.  The Well Abandonment Plan is based on requirements of 
A.A.C. R12-15-816, administered by the Arizona Department of Water Resources, and the Code of 
Federal Regulations Title 40 Part 146.10, administered by the USEPA.   
 
16.2.1.3 Closure of Surface Facilities  
 
Once the ISCR wells have been abandoned, all well field equipment will be removed.  Such equipment 
may include electrical equipment, power lines and poles, tanks, pipes, and all well head and pipe 
channel liners within the well field.  Similar removal activities will occur throughout the FCP facility.  
During the removal process, some liquid and solid residues may be generated such as the removal of 
accumulated dust from liners.  Such liquids and solid residues will be placed in the water impoundments 
or shipped to appropriately licensed off-site disposal facilities. 
 
Because of the extensive use of secondary containment including liners, containment sumps, and other 
devices, it is anticipated that soil contamination will be minimal and that soils will qualify for clean 
closure in accordance with A.A.C. R18-9-A209.B.3.  As liners are removed, they will be inspected for 
evidence of holes, tears, or defective seams that may have leaked.  Soil in the area beneath the liner will 
be inspected and samples will be collected and analyzed in accordance with a site investigation plan 
previously submitted to and approved by ADEQ, as required by A.A.C. R18-9-A209.B.3.  It is anticipated 
that the plan will require more intense sampling and analysis in any area where visible contamination is 
apparent (e.g., moist spots beneath liners) and a broader grid sampling approach where contamination 
is not apparent.  Estimates of sampling costs are included in the closure cost estimates provided in 
Attachment 3.  The soil investigation plan will require that ADEQ be promptly provided a remediation 
plan if the soil sampling and analysis described above provides verification of an exceedance of an SRL or 
a GPL, and that ADEQ approval be obtained prior to implementing the plan.  
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Decommissioned power poles, lines, and electrical equipment may be salvaged.  Clean liners and pipes 
may also be salvaged or sent to facilities that recycle such material.  All material that cannot be reused 
or salvaged will be transported to an appropriately licensed facility for disposal.  Although the salvage of 
liners and piping is anticipated, the cost estimates in Attachment 5 include the cost of disposal for those 
items. 
 
Once all equipment, liners, and other materials have been removed from the well field, pipeline 
corridors, and other FCP components, disturbed areas will be tested, backfilled as needed, disked, and a 
grader or other suitable equipment will level and contour the areas and any related berms to grades 
that are consistent with pre-development grades.  The areas will then be prepared for seeding.  
 
16.2.2 Materials Management 
 
Closure of the ISCR components will require safe handling and disposal of all associated solutions.  
Process tanks and the runoff pond will be emptied of any remaining solution.  All solutions will be 
shipped off site for use or disposal in accordance with applicable regulations, or they will be neutralized 
and placed in the water impoundments.  As the restoration process proceeds, the emptied tanks and 
PLS and raffinate ponds will have been rinsed with water produced during the restoration process and 
the rinse water will be placed in the water impoundments.   
 
Unused electrowinning reagents, fuels, lubricants, and other chemicals along with warehoused materials 
will be packaged in accordance with Department of Transportation regulations and shipped off site or 
disposed of in accordance with applicable regulations.  The closure objective is to have all chemicals 
removed off site and disposed of in a manner that meets all applicable codes and regulations. 
 
16.2.3 Soil Management  
 
Consistent with the ADEQ Clean Closure Guidance (December 2004) and A.A.C. R18-9-A209.B.3, a site 
investigation plan for evaluating the quality of the soil and the vadose zone after facilities have been 
removed will be developed for ADEQ review and approval before closure begins.   
 
All closure activities will be designed and conducted in accordance with applicable criteria in the Best 
Available Demonstrated Control Technology Guidance Manual.  All closure activities will be conducted in 
a manner to prevent spillage of contaminants onto soil and, as tanks and underlying liners are removed, 
underlying soil will be inspected for signs of leakage.  The same process will apply to the pipeline 
channel liners, PLS pond, raffinate pond, runoff pond, and water impoundments.  Soil samples will be 
collected and analyzed in accordance with the approved site investigation plan.  Soil cleanup 
(remediation) plans will be submitted for ADEQ approval in areas where residential SRL or GPL 
exceedances are verified.  The remediation plans will be designed to achieve constituent levels that will 
be consistent with the expected post-closure use.   
 
After remediation plans have been implemented and residual soil conditions are approved by ADEQ, the 
excavated area will be backfilled, disked, and leveled consistent with the pre-development grade.     
 
16.2.4 Closure Monitoring  
 
Closure monitoring will consist of physical inspections of surface facilities and monitoring of 
groundwater quality at the POC wells during the closure period.   
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Inspection monitoring of surface facilities will continue through the closure period at each of the 
locations and at the frequencies specified in APP No. P-101704 until liquid and solid residues have been 
removed from the facilities being monitored.  POC well monitoring will be in accordance with the 
requirements of the APP at the 32 proposed POC wells described in Attachment 12.  The POC well 
monitoring program will include two components (Level 1 and Level 2).  Level 1 and Level 2 monitoring 
refer respectively to sampling and analysis of groundwater for the parameters listed in the APP.  The 
monitoring will occur quarterly for Level 1 parameters and annually for Level 2 parameters.  The 
contingency plan will be implemented in accordance with the APP (Attachment 13) throughout the 
closure period with respect to inspection monitoring as long as liquids and solid residues remain in the 
facilities being monitored.  The contingency plan will be implemented with respect to the exceedance of 
Alert Levels and Aquifer Quality Limits (AQL) throughout the closure period. 
 
16.2.5 Post-Closure Monitoring  
 
Post-closure monitoring will include groundwater monitoring at the 32 POC wells.  No ISCR well will be 
monitored because, during closure, all injection and recovery wells will have been properly abandoned.  
All other ISCR facility components used to store or manage ISCR solutions will also have been dismantled 
and removed after all material contained in the components have been rinsed and removed.  Inspection 
of the closed areas will occur during POC well monitoring events and will focus on POC wells, signage, 
fences, re-vegetated areas, and storm water control measures.  The inspections will also focus on the 
maintenance of conditions required to support disturbed areas to conditions existing prior to the 
development and operation of the ISCR facility or to such other conditions as specified in ASLD Mineral 
Lease 11-26500, as may be amended.   
 
Groundwater monitoring at the POC wells will be conducted quarterly throughout the post-closure 
period with Level 1 monitoring conducted three quarters per year and Level 2 monitoring conducted 
one quarter per year.  Data generated from each monitoring event will be promptly reviewed and the 
contingency plans will be followed in the event of an exceedance of an AQL.   
 
16.3 CLOSURE/POST-CLOSURE SCHEDULES 
 
16.3.1 Closure Schedule 
 
During ISCR facility operations, a site investigation plan and closure plan will be developed and 
submitted to ADEQ in accordance with A.A.C. R18-9-A209(B)(1) and A.A.C. R18-9-A209(B)(3), 
respectively, in advance of the scheduled closure so that ADEQ will have the opportunity to approve the 
plans on or before the scheduled date of closure operations.  After Florence Copper formally gives 
notice to ADEQ in accordance with A.A.C. R18-9-A209(B)(2) of intent to permanently cease ISCR facility 
operations, injection will be discontinued.  Florence Copper will maintain hydraulic control at the ISCR 
well field until closure criteria specified in the APP and UIC Permit have been met.   

1. At least 60 days before commencement of closure of the first well field unit to be closed as part 
of ISCR facility operations, the site investigation plan will be submitted to ADEQ for review.  Any 
modification of the plan indicated by the review will be submitted to ADEQ for approval before 
closure commences at the first well field unit.  

2. Full ISCR facility closure will formally begin when notice of intent to permanently cease 
operations is given in accordance with A.A.C. R18-9-A209.B.2.  
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3. If injection has not been previously discontinued, it will be discontinued after the permanent 
cessation notice is given but hydraulic control will be maintained until closure criteria have been 
met.  Enhanced evaporation at the water impoundment will continue until the volume of water 
in the impoundment(s) is such that it is no longer required.  

4. All monitoring required by the APP and the UIC Permit will continue. 

5. Groundwater restoration in the well field unit(s) still requiring closure after commercial 
operations cease will begin after injection has been discontinued.  Injection of formation water, 
with or without neutralizing material such as sodium bicarbonate, may be used to facilitate the 
restoration process.  The schedule for such activities will depend on the concentration of sulfate 
and other constituents detected in solutions in the recovery well manifold(s).   

6. As groundwater restoration nears completion, injection wells will be converted to recovery wells 
to ensure that concentrations in recovery well manifold solutions are representative of 
groundwater quality of the unit(s) being closed.  The schedule for converting injection wells to 
recovery wells will depend on the injection schedule described above.   

7. Within 90 days of submitting the notice of intent to cease operation, a closure plan will be 
submitted to ADEQ pursuant to A.A.C. R18-9-A209.B.3. 

8. Rinsing of the well field unit(s) being closed will continue and sulfate concentrations in the 
recovery well manifold solutions will be periodically monitored.  

9. After ADEQ reviews the closure plan, a post-closure plan and an application for APP amendment 
will be submitted to ADEQ if the closure plan is determined not to achieve clean closure and 
ADEQ requires closure and post-closure activities to be addressed pursuant to 
A.A.C. R18-9-A209.B.4.  It is anticipated that 2 months will be required for ADEQ to review the 
closure plan.  The post-closure plan and application to amend the permit are required to be 
submitted within 90 days following ADEQ notice. 

10. When sulfate concentrations in recovery well manifold solutions decline below 750 mg/L, 
samples of manifold water will be collected and analyzed for the Level 2 parameters listed in the 
APP.  It is estimated that up to 2 years will elapse after injection is ceased before sulfate 
concentrations in the manifolds decline to 750 mg/L.   

11. Samples will be periodically collected from the recovery well manifolds and analyzed for Level 2 
parameters until all constituents with AWQS either meet AWQS or pre-operational background 
concentrations if pre-injection concentrations exceeded AWQS.  Before injection begins at a 
resource block, pre-operational background data will be collected from recovery manifolds and 
from one or more recovery wells within the resource block for analysis of Level 2 parameters. 

12. The indicator sulfate concentration will be the sulfate concentration in the recovery well 
manifold(s) existing at the time that the Level 2 analysis indicates that constituents with AWQS 
meet AWQS (or meet pre-operational background concentrations if those concentrations 
exceeded AWQS). 

13. After an indicator sulfate concentration has been determined, each well will be sampled for 
sulfate.  Hydraulic control will continue until the sulfate concentration at each well is below the 
indicator sulfate concentration.  Pumping from individual wells may be suspended when 
groundwater quality in samples from those wells is determined to meet the indicator sulfate 
concentration.  It is estimated that the indicator sulfate concentration will be met in all wells 
within 24 months after sampling begins. 

14. Once the sulfate concentration at each well is less than the indicator sulfate concentration, 
hydraulic control will be suspended at all wells in the resource block for 90 days. 
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15. After 90 or more days have elapsed, the recovery wells will be re-energized and the sulfate 
concentration in solutions taken from the recovery well manifold(s) will be analyzed for sulfate.  
If the sulfate concentrations are equal to or below the indicator sulfate concentration, the 
closure criteria for the block being closed will be deemed to have been met and the rinsing and 
maintenance of hydraulic control of the block will be discontinued. 

16. Once the closure criteria have been met, a closure report documenting the results of the closure 
process will be submitted to ADEQ and USEPA with the quarterly report required by the 
respective permits, or earlier.  Closure of the wells in the units in which the closure criteria were 
met (closed operational unit) will commence within 30 days of the filing of the report, unless 
ADEQ or USEPA object.  

17. If ADEQ and USEPA do not object to well closure within 30 days following the submission of the 
closure report, closure of the ISCR wells will begin.  Closure of surface facilities outside the 
closed operational units that are required to stay functional for well closure will not begin until 
the requirements for well closure have been met.  Closure of surface facilities not required for 
well closure may commence any time after cessation notice is given.  

18. Closure of the wells in each closed operational unit will be conducted in accordance with the 
approved Well Abandonment Plan (Appendix C of the UIC Permit).  It is anticipated that a total 
of 597 injection and recovery wells in the final operational units will be closed in a period of 
approximately 18 months.  FCP closure costs do not include closing the 21 BHP test wells and 
the 59 miscellaneous wells included because these will have been closed as part of commercial 
operations, as described above. 

19. Once the wells have been closed in accordance with the Well Abandonment Plan, the well sites 
will be closed.  It is estimated that all sites can be prepared for final revegetation within 
9 months after the wells are closed.  

20. All facilities subject to general permit closure criteria will be closed in accordance with those 
criteria.  

21. Closure of the PLS and raffinate ponds will begin after they are no longer needed to support 
ISCR or SX/EW closure operations.  Closure of the PLS and raffinate ponds will begin by removing 
all liquids and solid residues from the upper liner.  The removed liquids will be placed in the 
water impoundments.  The upper liner will be removed and placed aside.  Any liquid observed 
on the lower liner and in the leachate collection and removal system (LCRS) will be removed and 
placed in the water impoundment.  Residues recovered from above the liner and/or the LCRSs 
will be tested to verify they are non-hazardous and will be either placed in the water 
impoundment or removed off site for landfill disposal according to state and federal regulations.  
The lower liner and underlying soils will be inspected for visual signs of liner damage, liner 
defects, and leakage through the lower liner.  The lower liner will be removed and soils will be 
sampled in accordance with the approved site investigation plan; any exceedance of an SRL or of 
a GPL detected as a result of the investigation will be addressed in accordance with the site 
investigation plan.  

22. Piping and related containments between the ISCR well field area, the PLS and raffinate ponds, 
and the SX/EW plant will be rinsed, and the rinse water and associated sediments will be placed 
in the water impoundment.  Soil beneath the containment liners will be sampled in accordance 
with the approved site investigation plan, and any exceedance of an SRL or of a GPL detected as 
a result of the investigation will be addressed in accordance with the site investigation plan.  
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23. The SX/EW plant, warehouse, and all other storage areas will be inspected for fuel, oil, process 
materials, and chemicals.  All such material will be collected, packaged, and transported off site 
for use in other facilities or for disposal in accordance with state and federal regulations.  No 
material regulated as a hazardous waste will be placed in the water impoundment.  Tanks and 
piping removed from the plant or from other areas will be emptied and rinsed.  The tanks and 
piping will be shipped to other facilities for use, to recycling facilities, or to a disposal facility in 
accordance with applicable regulations.  

Closure of the SX/EW plant will begin after the PLS and raffinate ponds have been emptied and 
rinsed.  The tanks, processing equipment, and piping in the SX/EW plant will be emptied, 
cleaned, and stored on site until shipped to another operating facility, to a salvage facility, or to 
a disposal facility in accordance with applicable regulations.  The rinse water will be placed in 
the water impoundment.  The SX/EW plant building will be retained if it can serve a post-closure 
use.  Otherwise, it will be demolished and the demolition debris will be salvaged, used for 
on-site fill, or shipped to off-site disposal facilities in accordance with applicable state and 
federal regulations. 

24. Closure of the SX/EW plant runoff pond will begin after all tanks and piping within the SX/EW 
plant have been emptied and rinsed, and the rinse water and residues have been placed in the 
water impoundment.  The pond liner will be rinsed, and the rinse water and sediments will be 
placed in the water impoundment.  As the liner is removed, it will be inspected for visual signs of 
liner damage and liner defects.  The underlying soil will be inspected for signs of leaks through 
the upper liner.  Samples will be collected in accordance with the approved site investigation 
plan and any exceedance of an SRL or of a GPL detected as a result of the investigation will be 
addressed in accordance with the site investigation plan.  Liners and LCRS materials and 
equipment from the plant runoff pond and from the PLS and raffinate ponds will be sold, 
shipped to a recycling facility, or shipped to a disposal facility in accordance with state and 
federal regulations.  Liners and associated decommissioned equipment may be buried in place 
only if they will not interfere with a designated post-closure use of the property. 

25. Closure of the tank farm associated with the water impoundments, including the neutralization 
circuit and the water treatment facilities, will begin after the water impoundment is no longer 
needed to support closure activities.  After the tanks in the tank farm have been emptied and 
cleaned, they will be moved off the pad so that the liner may be removed, and the underlying 
soil tested in accordance with the sampling plan.  The underlying soil will be managed in 
accordance with Section 16.3.1.3 guidelines.  The tanks will be stored on site until they are 
shipped off site for salvage or recycling. 

26. All piping and tanks (previously emptied) in the tank farm, and in pipelines between the ISCR 
area and the tank farm adjacent to the water impoundment, will be rinsed and the rinse water 
conveyed to the water impoundment.  The rinsing process is estimated to take approximately 
1 month. 

27. Closure of the water impoundments not previously closed will begin after PLS and raffinate 
ponds, tanks, and containment areas have been emptied and rinsed with water.  It is estimated 
that 6 months will be required to evaporate the water in the impoundment and to dewater the 
sediment.  
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28. After sediment in the water impoundment has dried sufficiently to support earth-moving 
equipment, the liners will be removed from the anchor trenches and folded inward to partially 
cover the sediment.  The excavated area will be backfilled and the area leveled.  A 3-foot cap 
will then be placed over the liner and any exposed sediments and onto the leveled area.  After 
capping has been completed, the area will be prepared for seeding.  

29. A report detailing the closure activities and the results thereof will be submitted to ADEQ and 
USEPA within 90 days following completion of all closure activities.  

 
16.3.2 Post-Closure Monitoring Schedule 
 
The post-closure monitoring schedule will begin in accordance with the schedule set forth in the UIC 
Permit immediately after closure activities have been completed, and will be continued as described in 
Section 16.2.5 above until post-closure requirements have been met.   
 
During POC monitoring events, visual inspection of surface facilities will be conducted.  Inspections will 
include, as appropriate, POC wells, signage, fences, re-vegetated areas, and storm water control 
measures.  Conditions noted during inspections will be documented using inspection forms.  
Photographs and written reports will be used to document completion of indicated repairs.  Repairs will 
be performed as indicated by the inspection monitoring program and will be documented in quarterly 
reports submitted to ADEQ.  Florence Copper will submit a notice and report, with documentation, in 
accordance with the requirements of A.A.C. R18-9-A209(C) within 30 days following completion of the 
post-closure plan. 
 
16.4 CLOSURE/POST-CLOSURE COST ESTIMATES 
 
Attachment 3 includes closure cost estimates and post-closure cost estimates for FCP discharging 
facilities and related infrastructure.  The post-closure costs included in Attachment 3 assume that the 
32 POC wells will be monitored for 30 years. 
 
Florence Copper is proposing to close individual operational units as they are depleted during the 
sequential development of the project and considers these closures as part of FCP operational costs.  
The closure and post-closure cost estimate included in Attachment 3 reflects this approach.   
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Q.1 Introduction 

This Attachment has been prepared in support of an application (Application) by Florence Copper, Inc. 
(Florence Copper) to the United States Environmental Protection Agency (USEPA) for issuance of an 
Underground Injection Control Class III (Area) Permit (UIC Permit) for the planned Production Test Facility 
(PTF), to be located at the Florence Copper Project (FCP) in Pinal County, Arizona.  Florence Copper is 
submitting this Application so that it may proceed with the development of the PTF to demonstrate the 
feasibility of a future full scale in-situ copper recovery (ISCR) facility.  As required for Attachment Q under 
USEPA Form 7520-6, this Attachment describes the plan for plugging and abandonment of the proposed 
Class III wells, and the proposed corrective action for existing and planned Class III wells on the FCP site. 
This Attachment also describes the corrective action Florence Copper will undertake to plug and abandon 
non-Class III wells and core holes as identified in Attachment C of this Application.   

This plugging and abandonment plan is consistent with the Closure and Post-Closure Plan included in 
Florence Copper’s related Aquifer Protection Permit (APP) No. 106360 issued by the Arizona Department of 
Environmental Quality (ADEQ) for PTF operations at the FCP. For the reviewers’ convenience, a copy of 
Temporary APP No. 106360 is provided as Exhibit Q-1 to this Attachment.  The current closure and post-
closure requirements are described in Sections 2.9 and 2.10 of Temporary APP No. 106360. 

The closure and post-closure language included in Temporary APP No. 106360 conforms with and governs 
all proposed closure and post-closure plans previously submitted to ADEQ in conjunction with the 
application for Temporary APP No. 106360.  A closure and post-closure plan is included as Exhibit Q-2 to 
this Attachment.  

Q.1.1 Applicability 

This plugging and abandonment plan is applicable to both proposed Class III wells, and all other Class III 
and non-Class III wells and core holes, within the PTF area and the associated Area of Review (AOR) located 
at the FCP site, 1575 West Hunt Highway, Florence, Arizona 85132.  This plan applies to all the wells and 
core holes because the proposed corrective action for all wells and core holes within the AOR is to plug and 
abandon them using the same standards as will be applied to abandonment of Class III wells.  The AOR is 
defined in Attachment A of this Application as a 500-foot zone around the permitted PTF area.   

This plan also applies to existing Class III wells outside of the PTF AOR that were constructed by BHP in 
accordance with UIC Permit No. AZ396000001.  The BHP Class III wells may be plugged and abandoned 
following completion of PTF operations if Florence Copper chooses not to proceed with commercial scale 
operation on the property.  If Florence Copper chooses to proceed with commercial scale operations on the 
FCP property, they may incorporate the existing BHP Class III wells into future phases of FCP operations. 

This plan has been designed to ensure that all existing and future wells and core holes located within the 
AOR (a 500-foot area circumscribing the proposed PTF well field) will be plugged and abandoned (1) in a 
manner that will prevent or stop the flow of injected solutions into or out of a underground source of 
drinking water (USDW) through a penetrating core hole or well and (2) in accordance with applicable permits 
and regulations administered by the USEPA, the ADEQ, and Arizona Department of Water Resources 
(ADWR).  

Plugging and abandonment of existing non-Class III wells and core holes within the AOR will occur prior to 
commencement of injection at the PTF.  Plugging and abandonment of Class III wells will occur during 
closure, or whenever an individual Class III well is retired because of irreparable non-compliance with 
mechanical integrity test requirements. 

All abandonment notifications, approvals, procedures, documentation, and reporting required under this plan, 
and Exhibit Q-2 of this plan, apply to all Class III wells constructed within the PTF AOR and Class III wells 
constructed by BHP within the AOR established by UIC Permit No. AZ396000001. 
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Q.1.2 Objectives 

The objectives of the plugging and abandonment plan are to ensure that wells and core holes will be plugged 
and sealed in a manner that will prevent the migration of injected fluids into or between USDWs, and to 
ensure compliance with the applicable requirements of the ADWR (Arizona Administrative Code [A.A.C.] 
R12-15-816 [Abandonment], Arizona Revised Statutes [A.R.S.] § 45-402 et seq., and ADWR Well 
Abandonment Handbook) and the USEPA (40 Code of Federal Regulations [CFR] 146.10 [Plugging and 
Abandoning Class I-V Wells]).   

Q.1.3 Hydrogeologic Setting 

The saturated geologic formations underlying the FCP site have been divided into three distinct water-bearing 
hydrostratigraphic units referred to as the Upper Basin Fill Unit (UBFU), Lower Basin Fill Unit (LBFU), and 
the Bedrock Oxide Zone.  The UBFU and LBFU are separated by a thin, regionally extensive aquitard 
referred to as the Middle Fine-Grained Unit (MFGU).  The injection and recovery wells will be completed in 
the Bedrock Oxide Zone, the uppermost zone of the bedrock complex underlying the FCP site.  

Q.1.4 Overview of PTF Operation 

The PTF area will be prepared for operations through a three-step process that includes: (a) the abandonment 
of core holes and existing wells (except Class III wells and monitoring wells) within the PTF and within 
500 feet of the PTF well field; (b) the installation of injection, recovery, and observation wells as required; and 
(c) the installation of ancillary facilities such as pipelines, tanks, roads, and power lines. 

PTF operations will consist of the injection of a dilute sulfuric-acid solution (lixiviant) into a pre-defined 
interval of the oxide zone to dissolve copper and to recover the resulting copper-bearing solution.  If 
necessary, the recovered solution may be re-acidified and re-injected to enrich the copper concentration in 
solution until the copper concentration is sufficient to support solvent extraction/electrowinning (SX/EW) 
operations.  When the copper concentration meets a desired grade, the recovered solution (pregnant leach 
solution [PLS]) will be conveyed via an above-ground pipeline to the SX/EW plant for processing. 

Once copper concentrations in recovered solutions decline to a level indicating depletion of the ore, closure 
will begin by replacing the volume of lixiviant injected into the oxide zone with fresh groundwater.  Closure 
will continue with the injection of fresh groundwater.  Depending on copper content, solutions produced 
during closure operations will be withdrawn through the recovery wells and conveyed to the SX/EW plant 
for processing, or re-injected into the unit from which it was produced, or conveyed via a neutralization 
circuit to the proposed water impoundment. 

Flushing of the oxide zone will be discontinued and the PTF will be provisionally considered to be closed 
once constituent concentrations in the groundwater in the flushed zone meet the closure criteria specified in 
the UIC Permit and the related APP. Not more than two years following the provisional closure of the PTF, 
all wells within the PTF will be abandoned in accordance with the procedures outlined in this plan. 

At the conclusion of PTF operations, proposed Class III wells within the AOR will remain open for use in 
monitoring groundwater conditions until ADEQ and USEPA give approval to plug and abandon the wells. 
Section 2.9.2 of APP No. 106360 requires that the PTF wells remain open to facilitate sampling at one 
month, sixth months, and one year following the conclusion of formation rinsing, and further requires that 
written authorization be obtained from both ADEQ and USEPA prior to plugging and abandonment of the 
PTF wells.  ADEQ and USEPA may choose to require additional monitoring after the one year samples have 
been collected. In any event, PTF Class III wells will not be plugged and abandoned until written 
authorization to do so has been received from both ADEQ and USEPA. 

Post-closure monitoring at the POC wells and supplemental monitoring wells will continue for a period of at 
least five years following the completion of formation rinsing. The supplemental monitoring wells will 
remain open for at least five years following the cessation of rinsing, and until receipt of written authorization 
from both ADEQ and USEPA. 
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Q.2 Licenses, Notifications and Approvals 

Q.2.1 Licensed Drillers 

Abandonment procedures are described in Section Q.3 and will only be performed by well drillers licensed by 
the ADWR pursuant to A.R.S. § 45-595(B), or under the direction of such licensed well drillers. 

Q.2.2 Abandonment Notification and Authorization 

Florence Copper will convey notice of intent to abandon a well or core hole to ADWR using Form 55-38 
(Notice of Intent to Abandon a Well) approximately 30 days prior to the planned commencement of 
abandonment activities for a well or core hole.  Form 55-38 will include information describing the location, 
type, and construction of the well or core hole, and the proposed plugging or abandonment method. 

In addition, Florence Copper will convey notice of proposed abandonment of Class III and Non-Class III 
wells and all core holes to USEPA on Form 7520-14 (Plugging and Abandonment Plan) approximately 60 days 
prior to the planned abandonment.  The form will include descriptions of the proposed abandonment 
materials and methods to be employed during abandonment.  Copies of Forms 55-38 and 7520-14 will be 
submitted to ADEQ as they are submitted respectively to ADWR and USEPA.  

Once ADWR has approved the abandonment method and materials identified on ADWR Form 55-38, 
ADWR will issue authorization to the driller to commence with the proposed abandonment.  Authorization 
from ADWR will be in the form of a “well abandonment card” issued to the licensed driller.  No well or core 
hole will be abandoned on the FCP site unless the driller has received a well abandonment card, issued by the 
Director of the ADWR, authorizing the abandonment of the specific well or core hole. 

Q.3 Well and Core Hole Abandonment Procedures 

The standard abandonment procedure will be to completely fill the well or core hole with an appropriate 
sealing material, with some variation depending on the type, condition, and total depth of the well or core 
hole. The condition and depth of each well or core hole will vary.  Abandonment will be considered 
complete when all applicable sealing steps set forth in Section Q.3.3 below have been completed or have been 
found unnecessary. 

Q.3.1 Well or Core Hole Preparation 

The following tasks will be performed to prepare each well or core hole for effective sealing.  

a.	 Locate and Inspect Well or Core Hole:  The well or core hole will be located using available survey 
coordinates. The condition and location of the well or core hole will be recorded.  If the well or core 
hole is not visible from the surface, the area will be excavated to locate the collar of the core hole or 
expose the surface casing of the well.   

b.	 Move in Workover Rig:  A workover rig, capable of performing the required abandonment 
operations at the required depths will be moved in and set up over the well or core hole.  

c.	 Equipment Removal: All pumps, tubing, wiring, and ancillary equipment within the well will be 
removed prior to abandonment of the well.  Core holes do not have such equipment. 

d.	 Perforations:  If records demonstrate that a well annulus is inadequately sealed and its casing is not 
removed, the casing will be perforated to allow installation of cement grout in the annulus.  If 
necessary and the casing extends that distance, perforations will extend from at least 20 feet below 
the bedrock-LBFU contact to at least 20 feet above the contact; from at least 20 feet below the base 
of the MFGU to at least 20 feet above the top of the MFGU, and from 25 feet below ground surface 
(bgs) to 5 feet bgs.   
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e.	 Cleaning: Wells and core holes will be cleaned out if necessary to a depth of at least 100 feet below 
the bedrock-LBFU contact to enable proper placement of cement seals.  This will be accomplished 
by installing a workstring of tubing and circulating fluids, or drilling, or performing other remedial 
work as required to clean the well or core hole to the required depth. 

f.	 Equalization of Wellbore Fluids:  After cleaning the well or core hole, wellbore fluids (bentonite 
mud) may be circulated and treated as necessary to achieve equilibrium and stabilize the hole. 

Q.3.2 Equipment and Materials 

The following material and equipment will be used in sealing wells and core holes according to the procedure 
described in Section Q.3.3 if required to make proper seals. 

a.	 Cement Grout: All cement grout will consist of Type V cement, or approved equivalent. 

b.	 Mechanical Plugs: A mechanical bridge plug will be set at the base of the interval to be cemented off 
if it is not at the bottom of the well or core hole.  This will prevent migration of the cement plug 
below the interval to be cemented and sealed. 

c.	 Cement Plugs:  Cement plugs will consist of Type V cement grout or approved equivalent. 

d.	 Cement Retainer: If cement grout is to be installed in the annulus behind perforated casing, a 
cement retainer will be set above the top perforation prior to pumping cement grout into the 
perforated interval that has been isolated by the cement retainer. 

e.	 Workstring: A workstring of small diameter pipe or tubing will be used for the placement of cement 
grout and plugs. 

Q.3.3 General Procedure for Sealing Wells and Core Holes 

The following procedure will be used to seal each well or core hole:  

a.	 If the surface casing is loose at ground surface, an attempt will be made to remove it.  If removal of 
the casing is not feasible, it will be left in the hole and perforated as needed to allow an annular seal 
to be placed to a depth of 25 feet bgs. In areas of agricultural use, the surface casing will be cut at 
least 5 feet bgs and removed. 

b.	 A tremie pipe will be used to place Type V cement in the open well or core hole from the bottom of 
the hole to the top of the hole.  Cement retainers, as described above, will be used to force cement 
grout into the annulus behind perforated intervals, as necessary. 

c.	 If the hole has been obstructed, cement will be placed as much as possible from at least 100 feet 
below the LBFU-bedrock contact to the top of the hole. 

d.	 The volume of Type V cement will be recorded, and will not be less than the estimated volume of 
material required to fill each interval. 

Q.3.4 Procedures for Special Circumstances 

The following procedures will be completed for special circumstances, as indicated. 

a.	 Seal of Perched Aquifer: If cascading water is encountered during preparation for abandonment, the 
well casing in the target area will be cleaned or perforated, isolated with cement plugs, and Type V 
cement will be used to seal the annulus around the perched layer.  Cement seals will be emplaced in 
four steps as follows: 

1.	 In the area of the observed cascading water, existing casing perforations in the well will be 
cleaned to the point that they are open and will readily allow neat cement to pass, or new 
perforations will be cut that will allow neat cement to pass. 
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2.	 The well casing will be filled with Type V cement to a point at least 20 feet below the cascading 
zone, and will be allowed to cure for a minimum of 12 hours. 

3.	 A packer will be emplaced above the cascading zone. 

4.	 Type V neat cement will be injected under pressure into the cascading zone until a volume of 
cement has been pumped that is equal to or greater than the combined volume of the well bore 
and the annular space within the isolated zone. 

b.	 Injection Wells: Injection wells plugged and abandoned in accordance with the procedures specified 
above will be deemed to have been plugged and abandoned in accordance with the provisions of 
40 CFR 146.10.  Therefore, Florence Copper will comply with the procedures specified above to 
ensure that any deviation from the above procedures will not violate the provisions of 40 CFR 
146.10. 

Q.4 Documentation and Reporting 

Following completion of plugging and abandonment, reports will be recorded and filed, as described below. 

Q.4.1 Reporting Responsibilities 

The licensed driller or supervised designate will maintain a log of all abandonment activities.  The log will be 
of sufficient detail that the driller will be able to complete all ADWR requirements and all abandonment 
reports to USEPA. The driller will sign all ADWR abandonment forms.  The authorized Florence Copper 
representative will sign all narrative abandonment reports submitted to the ADWR and all abandonment 
reports to USEPA. 

Q.4.2 Reports to ADWR 

The licensed driller will complete and sign a Well Abandonment Completion Report (ADWR Form 55-58) and 
submit it to ADWR within 30 days following abandonment of any well (including Class III wells) or core 
hole. Form 55-58 will update the information provided on ADWR Form 55-38 (Notice of Intent to Abandon a 
Well) including updated information on the treatment, materials, and methods used for abandoning the well 
or core hole. Florence Copper will complete and sign a Well Owner’s Notification of Abandonment (ADWR 
Form 55-36) and submit it to ADWR within 30 days following abandonment. 

Q.4.3 Reports to USEPA 

Within 60 days after plugging and abandoning a well or core hole or at the time of the next quarterly report 
due to the USEPA (whichever is less), Florence Copper shall submit a report to the Regional Administrator 
of USEPA.  If the quarterly report is due less than 15 days before plugging and abandonment is completed, 
then the report will be submitted within 60 days.  The report will be certified as accurate by the licensed 
driller who performed the plugging and abandonment procedures.  

The report will consist of either: 

	 A statement that the well or core hole was plugged and abandoned in accordance with the plan 
previously submitted to the Regional Administrator; or 

	 An updated version of the plan on Form 7520-14, specifying differences if the actual plugging or 
abandonment differed from the plan previously submitted. 

The report will also include a summary of non-class III wells and core holes abandoned, and will include copies 
of all forms (Forms 55-38, 55-58, and 55-36) submitted to ADWR. 
Completed copies of Form 7520-14, and schematic diagrams of wells and core holes within the AOR, are 
provided as Exhibit Q-3 to this Attachment. 
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UIC PERMIT APPLICATION 

FLORENCE COPPER PROJECT – PRODUCTION TEST FACILITY 


ATTACHMENT Q – PLUGGING AND ABANDONMENT PLAN
 

Q.4.4 Reports to ADEQ 

Florence Copper will include in its quarterly APP monitoring report to ADEQ a summary noting the 
identification number of each well or core hole for which abandonment was completed during the reporting 
period, the date that the abandonment was completed, and the location of the well or core hole. 

Florence Copper will also submit to ADEQ a copy of the plugging and abandonment report developed for 
submittal to USEPA in accordance with Section Q.4.3. 

Q.4.5 Maintenance of Records 

Copies of all completed and required abandonment report forms, plans and narratives required by ADWR or 
USEPA will be maintained at the FCP site for inspection until closure is completed.  After commencement of 
post-closure, the records will be stored by Florence Copper, subject to review by USEPA and ADEQ, until 
post-closure is completed. 
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EXHIBIT D‐8 
 

Proposed Verification Wells Figure 
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PROPOSED VERIFICATION WELLS 

PROPOSED VERIFICATION 

(OBSERVATION) WELL  

BLOCK BOUNDARY

10 FOOT TOPOGRAPHIC CONTOUR 

ISCR WELL FIELD 

PROPOSED AOR / FORMER BHP AOR 

AQUIFER EXEMPTION BOUNDARY 

STATE MINERAL LEASE BOUNDARY 

PTF AOR BOUNDARY 

FLORENCE COPPER PROPERTY BOUNDARY 

FLORENCE COPPER, INC.
FLORENCE, ARIZONA 85132

PROPOSED VERIFICATION 
WELLS

EXHIBIT D-8MARCH 2020

Resource 
Block ID 

Proposed 
Verification 

Wells
Easting Northing

19 921 847389.33 747205.16
20 606 848048.26 747121.19
21 132 846987.54 745919.05
22 32 849462.37 747121.19
27 882 847199.76 746979.67
28 624 847694.69 746979.70
29 661 848401.76 746979.77
30 71 849108.81 746979.72
31 194 849745.17 746979.79
32 326 850522.94 746697.10
36 734 847341.14 746626.15
37 679 848048.20 746626.21
38 23 848755.27 746626.28
39 167 849462.32 746626.23
40 246 850169.37 746626.29
41 1890 850591.17 746626.45
44 758 847128.98 746272.60
45 557 847694.63 746272.64
46 369 848401.69 746272.70
47 98 849108.75 746272.66
48 223 849815.81 746272.72
49 321 850452.17 746272.79
53 503 847341.06 745919.07
54 461 848048.13 745919.14
55 403 848755.19 745955.32
56 958 849462.25 745919.16
57 821 850169.30 745919.21
61 2224 847269.28 745564.03
62 2119 847693.51 745564.06
63 2152 848400.57 745564.13
64 1661 849108.68 745565.60
65 1587 849815.75 745565.66
66 977 850239.98 745565.69
70 2245 847410.65 745210.51
71 2050 848048.06 745212.07
72 1728 848755.13 745212.14
73 1532 849462.18 745212.10
74 1208 850098.55 745353.56
78 1887 847270.27 744858.48
79 2076 847694.50 744858.51
80 1700 848401.56 744858.58
81 1370 849108.62 744858.53
82 1115 849815.68 744858.60
87 1932 847482.35 744504.96
88 1816 848047.82 744505.19
89 1323 848755.06 744505.07
90 1145 849462.13 744575.74
96 1878 847694.25 744222.33
97 1345 848401.50 744222.21
98 1423 849037.84 744222.16
99 1160 849815.64 744363.65

105 1847 848047.95 744080.76
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Application for Class III Underground Injection Control Permit 
Florence Copper Project 
 
Attachment F:  Financial Assurance (40 CFR § 144.52) 
 
 
F.1 INTRODUCTION 
 
This Attachment conveys information describing estimated closure costs as prepared in conjunction with 
the pending Aquifer Protection Permit (APP) application, and costs to plug and abandon the planned 
in-situ copper recovery (ISCR) wells in accordance with Underground Injection Control (UIC) Permit 
requirements. 
 
This Attachment has been prepared in support of an application (Application) by Florence Copper Inc. 
(Florence Copper) to the United States Environmental Protection Agency (USEPA) ) for an Underground 
Injection Control Class III (Area) Permit (UIC Permit) for the planned In-Situ Copper Recovery (ISCR) 
facility at the Florence Copper Project (FCP) in Pinal County, Arizona.  With this Application, Florence 
Copper seeks authorization to construct and operate a commercial-scale ISCR facility at the FCP site.  
Florence Copper proposes to incorporate the pilot-scale Production Test Facility (PTF), which is currently 
operating under the UIC Permit, into the planned commercial-scale ISCR facility at the FCP site.  This 
Attachment includes evidence of financial resources in Exhibit F-1. 
 
F.2 DESCRIPTION OF CLOSURE COSTS 
 
Florence Copper has prepared an estimate of closure costs in conjunction with this application for a UIC 
Permit to authorize construction and operation of the planned commercial-scale ISCR facility.  The 
closure costs for UIC regulated activities consist of closure of the ISCR wells, tank farm, septic tank, POC 
wells, post-closure monitoring, and associated miscellaneous costs.  A detailed description of the closure 
cost elements and the table of closure and post-closure cost estimates is provided below.  Detailed 
closure cost items are included in Table F-1, and a summary of the UIC closure cost items are included in 
Table F-2.  Information describing the basis for each of the cost estimate items are provided in the notes 
included with Table F-1. 
 
F.2.1 ISCR Wells  
 
F.2.1.1 Groundwater Restoration 
 
Groundwater in the ISCR area will be restored to meet Aquifer Water Quality Standards (AWQSor 
pre-operational concentrations if those concentrations exceed AWQS.  The restoration process includes 
rinsing the portion of the oxide zone in which injection and recovery has occurred, injecting sodium 
bicarbonate or other buffering agents as needed to neutralize the groundwater, neutralizing the rinse 
solution with quicklime or other agents, and evaporating excess water not used for other purposes.  The 
volume of rinse water required to adequately restore the groundwater assumes 6 percent porosity of 
the Bedrock Oxide Zone and nine pore volumes.  Groundwater restoration is assumed to take 
approximately 24 months to complete for each set of wells when rinsing begins. 
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F.2.1.2 Abandon ISCR Wells 
 
The approximately 500 remaining ISCR wells will be abandoned in accordance with the provisions of the 
APP and the Well Abandonment Plan referenced in the UIC Permit.  The Well Abandonment Plan 
includes:  

1. The removal of downhole pumps and electrical equipment.  The well will then be filled from the 
bottom to the top of the hole with Type V Portland cement and the collar pipe will be removed 
to 5 feet below ground surface (bgs).  The surface hole will then be backfilled and leveled at 
grade.  

2. All pipelines, electronics, pumps, and other material will be removed off site for reuse, recycling, 
or landfill disposal. 

3. A report will be submitted to the Arizona Department of Environmental Quality (ADEQ) and 
USEPA demonstrating that closure conditions required by the APP and UIC permits have been 
met.  

4. The two Conoco shafts will be abandoned using a method similar to the well abandonments.  
Florence Copper plans to convert one of the Conoco shafts into a recovery well to recover ISCR 
solutions.  The other Conoco shaft will be abandoned prior to the commencement of ISCR 
operations.  The estimated costs to abandon the Conoco shafts are included in Exhibit F-2. 

 
F.2.1.3 Pipelines 
 
The pipelines connecting the ISCR well area to the processing and water impoundment areas will be 
removed.  The pipelines will be flushed with groundwater and removed for off-site recycling or landfill 
disposal.  The flushed water will be placed in the water impoundment. 
 
F.2.1.4 Soil and Liner Beneath Piping 
 
Sampling and analysis will be performed to verify that soil beneath the pipeline containment channel 
liner has not been impacted by leaks or spills.  The liner will be removed for off-site landfill disposal.  The 
pipeline containment channel will be backfilled and leveled out, using on-site soil.  The closure cost 
estimate assumes no impacts to the soil beneath the liner. 
 
F.2.1.5 Tank Farms 
 
The tank farms consist of several aboveground storage tanks located in the ISCR and process plant areas.  
The tanks will be rinsed clean and moved to a storage area for future use or sold as surplus equipment.  
Rinse water will flow to the water impoundment.  The support materials of the tanks will be checked 
and disposed of in accordance with applicable state and federal regulations.  The liner under the tanks 
will be removed to an approved off-site disposal facility. 
 
F.2.1.6 Septic Tank Closure 
 
Septic tank closure consists of pumping out and abandoning in place, two 1,000 gallon septic tanks. 
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F.2.1.7 Miscellaneous Costs 
 
F.2.1.7.1 Daily Monitoring and Observations 
 
Permit conditions require that monitoring wells, the ponds, tank farm, and related facilities be 
monitored and inspected on a daily basis.   
 
F.2.1.7.2 Quarterly Well Monitoring 
 
The 32 point of compliance (POC) wells are required to be sampled on a quarterly basis and the results 
of the sample analyses reported.  A contractor currently performs this work.  The closure cost estimate 
assumes that this work will continue during the entire 48 months of scheduled closure activities. 
 
F.2.1.7.3 Administrative and Miscellaneous Costs, General Project Support Costs 
 
A general cost allowance is included for 48 months of contractor technical support and miscellaneous 
facility maintenance activities during the closure period.  This cost is an allowance for a third party to 
manage the closure activities on behalf of the permittee.  Maintenance activities may include minor 
facility maintenance such as road grading or minor repairs.  Also included in this category are telephone 
and electrical utility charges (for office facilities), and miscellaneous office and site expenses (postage, 
office supplies, chemicals, etc.) 
 
F.2.1.8 Post-Closure Monitoring 
 
A groundwater monitoring program will be conducted at all POC wells for 30 years during the 
post-closure period.  Data generated from each monitoring event will be promptly reviewed and the 
contingency plans will be followed in the event of an exceedance of an alert level or aquifer quality limit.  
Monitoring for Level 1 and Level 2 parameters are scheduled to occur with the scope and frequencies 
specified in the APP.   
 
During POC monitoring events, visual inspections will be performed on surface facilities.  Areas to be 
monitored include signage, fences, locked gates, embankments, capped areas, and storm water control 
measures.  Conditions noted during inspections will be documented.   
 
F.2.1.9 POC Wells  
 
At the end of the 30-year post-closure monitoring period, the 32 POC wells will be abandoned in 
accordance with the provisions of the APP (P-101704) and UIC Permit.  The well abandonment plan is 
designed to meet Arizona Department of Water Resources and USEPA requirements.  The following 
provides a general description of the well abandonment procedures:  

1. Removal of any downhole pumps and electrical equipment.  The well will then be filled from the 
bottom to the top of the hole with Type V Portland cement and the collar pipe will be removed 
to 5 feet bgs.  The surface hole will then be backfilled and leveled at grade.  
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2. All pipelines, electronics, pumps, and other material will be removed off site for reuse, recycling, 
or landfill disposal. 

3. A report will be submitted to ADEQ and USEPA demonstrating that conditions established by the 
APP and UIC permits have been met. 

 
Florence Copper has permitted, constructed, and begun operation of a pilot-scale ISCR facility referred 
to as the PTF.  The PTF is operated under terms of APP No. P-106360 and UIC Permit 
No. R9UIC-AZ3-FY11-1.  Closure and post-closure cost estimates pertaining to the PTF have previously 
been submitted to the ADEQ and the USEPA. 
 
F.3 PLUGGING AND ABANDONMENT OF ISCR WELLS 
 
Plugging and abandonment of the planned ISCR wells are incorporated into Section 1 of Table F-1 under 
the heading Abandon ISCR Wells.  Florence Copper estimates the maximum number of ISCR wells that 
will be open during operations to be 462, and this is also the estimated number of wells to be closed at 
the end of the commercial production period.  This number of wells represents the estimated plugging 
and abandonment burden for ISCR wells at final closure.  If Florence Copper determines that more than 
462 wells are required to be open during operations, financial assurance for those wells will be provided 
to the USEPA prior to commencement of drilling.  The estimated cost to plug and abandon this number 
of wells is $7,481,000.  The estimated total cost of closure and post-closure activities for all the UIC 
regulated activities listed above is $28,178,750 (Table F-1).  The list of wells to be plugged and 
abandoned at facility closure is included in Exhibit F-3. 
 
F.4 EVIDENCE OF FINANCIAL RESOURCES 
 
Exhibit F-1 is a letter dated 12 June 2019 from Stuart McDonald, Chief Financial Officer of Florence 
Copper, provided in response to information requirements of Attachment F of the UIC Application form.  
The letter demonstrates that Florence Copper is financially capable of meeting the closure and 
post-closure costs for all permitted ISCR facilities and associated structures as described in Table F-1 of 
this Application and discloses the instrument of financial assurance.  A draft financial assurance 
instrument is included in Exhibit F-4. 
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TABLE F‐1
FLORENCE COPPER ISCR FACILITY CLOSURE AND POST‐CLOSURE COST ESTIMATES
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 1 of 3

OBJECTIVES DESCRIPTION OF TASKS UNIT COST PER UNIT NO. OF UNITS
ESTIMATED 

COST1

1.Rinse wells. 10 $3,643,000 Project Total 1 $3,643,000 

2. Operation and maintenance labor 
(includes rinsing, neutralizing and 
evaporation for 24 month period)17

$1,752,000 Project Total 1 $1,752,000 

3. Quicklime Neutralization15 $140 Ton 46,000 $6,440,000 

4. Evaporate impoundment contents using 
facility evaporators.11

$0.27 1,000 Gallons 6,900,000 $1,863,000 

5. Sampling and monitoring during rinsing. 
Level 1 analysis performed quarterly during 
24 month rinsing period. (Assumed system is 
equipped with a manifold and will require 1 
sampling location per event)12

$800 Sampling 
Event

8 $7,000 

6. Sampling, analysis, and reporting to 
confirm AWQS/AQLs, Level 2 analysis. 
(Assumed system is equipped with a 
manifold and will require 1 sampling 
location per event)13

$2,000 Sampling 
Event

1 $2,000 

7. Includes final sampling, analysis, and 
reporting. Level 1 analysis performed on 
each well after AWQS/AQL is confirmed.12

$800 Well 460 $368,000 

$14,075,000 

1. File NOIs with ADWR. $150 Well 482 $73,000 
2. Remove electrical conduit, wellhead 
assemblies and control boxes.

$500 Well 472 $236,000 

3. Remove pumps. $1,000 Well 472 $472,000 
4. Remove monuments and cement pads.  
Cut off casing 5 feet below land surface and 
backfill hole. (2 crew hours per well)

$250 Crew Hours 964 $241,000 

5. Dispose of liners, wood, and misc. pipe in 
off‐site landfill (5 cy/well).

$60 Cubic Yards 2,410 $145,000 

6. Type V Cement ($450/CY, 0.0073 cy/ft) $3.30 Lineal Feet 444,810 $1,468,000 

7. Tremie Type V cement from TD to 5 feet 
below land surface.

$5.00 Lineal Feet 444,810 $2,225,000 

8. Crew and equipment (per diem, backhoe, 
10T smeal rig)

$5,000 Well 472 $2,360,000 

9. Mobilization/Demobilization $2,000 Project Total 1 $2,000 

10.  File Abandonment Completion Reports 
with ADWR.  

$100 Well 472 $48,000 

11. Allowance for unexpected conditions. $500 Well 472 $236,000 

$7,506,000 

1.Clean and remove pipes.2 $285 Crew Hour 207 $59,000 

2. Dispose of pipe in off‐site landfill.5 $70  Ton 675 $48,000 
$107,000 

1. Perform initial sampling and analysis 
(S&A)to verify non‐hazardous.(1 sample per 
50 feet of trench)4

$270  Sample 138 $38,000 

2. Remove liner.5 $0.20  Square Foot 414,000 $83,000 

3. Dispose of liner in off‐site landfill.5 $70  Ton 62 $5,000 

4. Backfill ditch using on‐site soil.6 $4  Cubic Yards 30,667 $123,000 
Subtotal $249,000 

$21,937,000 

Restore groundwater to meet 
AWQS/AQL standards, and 
neutralize/evaporate rinse solution. 
(Assumed 9 pore volumes for well 
rinsing, 24 month period) ISCR wells 
include 205 injection wells, 217 
recovery wells, and 40 perimeter 
wells).

2. Abandon ISCR Wells

Clean and disposal of pipe. (20,700 LF, 
24" diam.)

3. Piping

4. Soil and Liner Beneath Piping

ISCR Wells Total

Subtotal

Perform analysis to verify no impacts 
to soil beneath liner. (Assumed to be 
non‐hazardous)

1. Groundwater Restoration

Subtotal

SECTION 1. ISCR WELLS

Subtotal

Abandon 462 ISCR wells plus 20 
observation wells in accordance with 
ADWR regulations.7

October 2019
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1. Tank Farm
1. Neutralize contents of acid and sodium 
hydroxide tanks and place in impoundment 
for evaporation.

$2,000 Lump sum 1 $2,000 

2. Triple rinse tanks and dispose of rinsate in 
water impoundment.14

$285 Crew Hour 48 $14,000 

3. Relocate tanks.14 $285 Crew hour 32 $10,000 

4. Sample concrete.9 $300 Sample 20 $6,000 

5. Analyze concrete.9 $750 Sample 20 $15,000 

6. Demo and remove concrete liner.8 $8.00 Square foot 7,200 $58,000 

7. Transport and disposal concrete at off‐site 
landfill.3

$70  Ton 1,000 $70,000 

8. Remove pipe and dispose in off‐site 
landfill.3

$70  Ton 8 $1,000 

$176,000 

1. Collect and analyze soil samples for 
characterization.4

$270 Sample 14 $4,000 

$4,000 
$180,000 

1. Close septic tanks that serve the 
administration building and SX/EW.

Pump out (2) 1,000‐gallon septic tank and 
close in place.

$12,000 Lump sum 1 $12,000 

Perform facility inspections and 
monitoring required by permit.

Included in Operation and maintenance 
Labor item in Section 1.

$0 

Perform quarterly monitoring of 32 
POC wells. (during closure)

Monitoring per Level 1 Event. $24,000 Lump sum 8 $192,000 

$192,000 

$22,321,000 
Contingency (15%) $3,348,150 
Administrative and Miscellaneous Expenses (10%)16 $2,232,100 
Closure Cost Total $27,901,250 

Tank Farm Total

2. Quarterly Well Monitoring

SECTION 2.  TANK FARM

SECTION 3.  SEPTIC TANK CLOSURE

2. Soil Beneath Aboveground Storage Tanks and Piping

1. Daily Monitoring and Observations

Characterize and appropriately 
dispose, as necessary.

Closure Cost Subtotal

Total Miscellaneous Costs

SECTION 4.  MISCELLANEOUS COSTS

Subtotal

Subtotal

Empty tanks of contents, rinse and  
decommission for re‐use.  Remove 
concrete and liner.

October 2019
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1. One biennial Level 2 event.20 $55,000 Event 1 $55,000 

2. Seven quarterly Level 1 events.20 $23,000 Event 7 $161,000 
$216,000 

Fourteen biennial Level 2 events.20 $55,000 Event 14 $770,000 
3. Maintenance

Maintenance of pumps and wells. Perform 
visual inspection of surface facilities.19

$29,000 Event 15 $435,000 

1. Notify director and collect verification 
sample. 

$7,000 Event 1 $7,000 

2. Notify director of verification results. $600 Event 1 $1,000 
3. If verification sample indicates 
exceedance, submit report to ADEQ and 
USEPA.

$12,000 Event  1 $12,000 

$20,000 
$1,441,000 

1. File NOIs with ADWR. $150 Well 32 $5,000 
2. Remove electrical conduit, wellhead 
assemblies and control boxes.

$500 Well 32 $16,000 

3. Remove pumps. $600 Well 32 $20,000 
4. Remove monuments and cement pads.  
Cut off casing 5 feet below land surface and 
backfill hole. (2 crew hours per well)18

$180 Crew Hours 64 $12,000 

5. Dispose of liners, wood, and misc. pipe in 
off‐site landfill (5 cy/well).

$60 Cubic Yards 160 $10,000 

6. Type V Cement ($450/CY, 0.0073 cy/ft) $3.30 Lineal Feet 20,000 $66,000 

7. Tremie Type V cement from TD to 5 feet 
below land surface.

$5.00 Lineal Feet 20,000 $100,000 

8. Crew and equipment (per diem, backhoe, 
10T smeal rig)

$5,000 Well 32 $160,000 

9. Mobilization/Demobilization $2,000 Lump Sum 1 $2,000 

10.  File Abandonment Completion Reports 
with ADWR.  

$100 Well 32 $4,000 

11. Allowance for unexpected conditions. $500 Well 32 $16,000 

12. Hydro‐seed areas around the wells 
located in the State Mineral lease Area

$3,000 Acre 1 $3,000 

$414,000 

$1,855,000 

$29,756,250 

SECTION 5. POST‐CLOSURE MONITORING

4. AQL Exceedance Contingency  Per UIC Permit (Part II.H.2.b) 

POC Wells Total

POST‐CLOSURE TOTAL

SECTION 6.  POC WELLS
Abandon 32 POC wells in accordance 
with ADWR and UIC regulations.4

1. Initial monitoring

TOTAL CLOSURE AND POST‐CLOSURE COST

Post‐Closure Monitoring Total
Subtotal

Subtotal
2. Biennial monitoring

October 2019



TABLE F‐1 NOTES:

General Notes:  In preparing this estimate, Haley & Aldrich has relied on information and direction provided 
by Florence Copper and other parties and, unless otherwise expressly indicated, Haley & Aldrich has made no 
independent investigation as to the validity, completeness, or accuracy of such information.  As with any 
estimate of this nature, Haley & Aldrich recommends that critical assumptions as well as the basis of 
estimate, be verified before proceeding with detailed project design or implementation.

1. The values of this column have been rounded to the nearest thousand.
2. Clean and remove pipes ‐ crew hour assumes (1 equipment operator $75/hr, 1 laborer $60/hr, 1 water 
pump $150/day).  Crew hour includes contractor overhead and profit. Assumes crew can clean and remove 
100 LF per hour. 

5. Liner Removal costs are based on recent similar projects performed by Haley & Aldrich in 2019.

7. Well abandonment unit costs based on recent similar projects performed by Haley & Aldrich in 2019.

6. Ponds will be filled to within 3 feet of their crests with process sediments from the facility evaporators and 
will be covered with 3 feet of fill. 14

3. Disposal of non‐hazardous waste ‐ assumes $70 per ton and includes loading, transport, and disposal.  The 
unit cost is based on one transport vehicle making a round trip from Phoenix to Florence to Apache Junction 
Landfill and back to Phoenix at a cost of $350 (3.5 hrs x $100 per hr), loading cost of $200 ($10 per ton x 20 
tons), and disposal cost of $800 (20 tons x $40 per ton), which totals $1,350 or ≈$70 per ton. 

4. Initial Mine Block soil sampling and analysis (S&A) will be performed in areas potentially affected by spills 
and leaks to verify that contamination does, or does not, exist.  Follow‐up S&A may be required in order to 
determine the extent of contamination or effectiveness of remediation efforts.  Costs are estimated to be less 
than $140 per sample for sample collection and less than $130 for sample analysis. Thus, the total S&A cost is 
$270 per sample. 

Parameters for analysis were selected on the basis of their concentrations in solutions processed on site.  
Sulfate, sodium, and pH were selected because sulfuric acid and sodium hydroxide were used respectively to 
prepare solutions for injection and to neutralize acidic groundwater pumped from the recovery wells in the 
mine block to the evaporation pond.  Sodium and copper were also selected as indicators of potential 
contamination because they are expected to have higher concentrations than other metals in the solutions 
pumped to and from the mine block. 

Cost of sampling is estimated to be no more than $140 per sample. That would include costs for actual 
sample collection, for sample and sampler(s) transportation, for sample preparation, and for report 
preparation. Cost of analyses were estimated thusly:  metals digestion, $41; pH, $22; sulfate, $25; copper, 
$15; and sodium, $15; for a total cost of $118 ($130 to include a 10% contingency).  Thus, the total S&A cost 
is $270 per sample.

8. Concrete demo cost based on recent similar projects performed by Haley & Aldrich in 2019.

9. Sample and analyze concrete ‐ sample unit costs assume not to exceed $750 per sample, analytical cost 
assume $270 for S&A plus $480 for sample preparation and TCLP analysis.
10. Well rinsing unit costs assume 205 injection wells, 217 recovery wells and 40 perimeter wells.  Assuming a 
mine block of 500 feet long, 500 feet wide, and 640 feet thick; porosity of 8%; well density of 61 wells per 
block; and 9 pore volumes, the total volume of rinse water is 6,900,000,000 gallons.   Pumps' annual 
operation cost is $3,942/pump; assumes 462 pumps for 2 years. Assumed on‐site water source is provided.
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11. Evaporation Unit Costs ‐ assumes $0.27/1,000 gallons to evaporate.  Evaporation rate of 6,600 gallons 
per hour and electricity cost of $1.76/hr. Purchase of evaporator not included.

14. Triple rinse tanks ‐ crew hour assumes (1 equipment operator $75/hr, 1 laborer $60/hr, 1 water pump 
$150/day), crew hour includes contractor overhead and profit.
Assumes crew can triple rinse tanks in 6 days.

19. Operation and maintenance labor crew assumes 2, day‐laborers at $60/hr, 8 hours per day ($960/day) 
working 10 day,  with a truck, tools, and parts totaling ($19,400) to conduct inspection, operation, and 
maintenance of equipment. 
20. Monitoring unit costs are based on recent similar projects performed by Haley & Aldrich in 2019.

13. Level 2 sampling & analysis unit costs include sampling, lab analysis, and reporting.  Costs based on 
recent similar projects. Lab analysis costs are $910 per sample.

12. Level 1 sampling & analysis unit costs include sampling, lab analysis, and reporting.  Costs based on 
recent similar projects. Lab analysis costs are $59 per sample.

18. Assumes 3 laborers at $60/hr each. 

17. Operation and maintenance labor crew assumes 3 day laborers $60/hr, 8 hours per day and 1 night 
laborer $60/hr, 16 hours a day; $2,400/day for 2 years. 

15. Quicklime Neutralization assumes 0.0133 pounds of lime per gallon of water to be neutralized, $140/ton 
lime unit cost. 

16. Administrative support and expenses includes utilities and communications cost, miscellaneous 
equipment and site maintenance, and site management during closure.
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TABLE F‐2
FLORENCE COPPER ISCR FACILITY CLOSURE AND POST‐CLOSURE COST ESTIMATES
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

CLOSURE ACTIVITIES ESTIMATED COST

ISCR Wells $21,937,000 

Tank Farm $180,000 

Septic Tank Closure $12,000 

Miscellaneous Costs $192,000 

Closure Cost Subtotal $22,321,000

Contingency (15%) $3,348,150

Administrative and Miscellaneous Expenses (10%) $2,232,100

Closure Cost Total $27,901,250

Post Closure Monitoring $1,441,000 

POC Wells $414,000 

Post‐Closure Total $1,855,000

TOTAL CLOSURE AND POST‐CLOSURE COST $29,756,250

POST CLOSURE ACTIVITIES

October 2019



 

 

EXHIBIT F-1 
 

Florence Copper Demonstration of Financial Capability Letter 
Dated 12 June 2019 

  







 

 

EXHIBIT F-2 
 

Estimated Closure Costs of Conoco Shafts 
  



TABLE F‐1
FLORENCE COPPER ISCR FACILITY CLOSURE AND POST‐CLOSURE COST ESTIMATES
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

OBJECTIVES DESCRIPTION OF TASKS UNIT COST PER UNIT NO. OF UNITS1
ESTIMATED 

COST1

1. File NOI with ADWR. $150 Well 1 $150 
2. Cost of Type V Cement ($450/CY, 0.081 
cy/ft)3

$37 Lineal Feet 841 $31,000 

3. Installation cost of (tremie) Type V 
cement from TD to 5 feet below land 
surface.

$5.00 Lineal Feet 701 $4,000 

4. Crew and equipment (per diem, backhoe, 
10T smeal rig)

$10,000 Well 1 $10,000 

5. Mobilization/Demobilization $2,000 Project Total 1 $2,000 

6.  File Abandonment Completion Reports 
with ADWR.  

$100 Well 1 $100 

7. Allowance for unexpected conditions. $1,000 Well 1 $1,000 
$49,250 

1. File NOI with ADWR. $150 Well 1 $150 
2. Cost of Pea Gravel ($1,447/CY, 0.36 
cy/ft)4

$515 Lineal Feet 45 $24,000 

3. Cost of Bentonite Seal ($6,480/CY, 0.36 
cy/ft)

$2,333 Lineal Feet 10 $24,000 

4. Cost of Type V Cement ($450/CY, 0.36 
cy/ft)3

$162 Lineal Feet 786 $128,000 

5. Installation cost of (tremie) Type V 
cement from TD to 5 feet below land 
surface.

$5.00 Lineal Feet 695 $4,000 

6. Crew and equipment (per diem, backhoe, 
10T smeal rig)

$10,000 Well 1 $10,000 

7.  File Abandonment Completion Reports 
with ADWR.  

$100 Well 1 $100 

8. Allowance for unexpected conditions. $4,000 Well 1 $4,000 
$194,250 
$243,500 

Abandon Conoco Mine shaft No. 1 
well in accordance with ADWR 
regulations.2 

Subtotal

SECTION 1 Conoco Mine Shafts
1. Abandon Conoco Mine Shaft No. 1 Well

Abandon Conoco Mine shaft No. 2 in 
accordance with ADWR regulations.2

2. Abandon Conco Mine Shaft No. 2

Conoco Mine Shaft Totals
Subtotal

Revised: NOVEMBER 2019



TABLE F‐1
FLORENCE COPPER ISCR FACILITY CLOSURE AND POST‐CLOSURE COST ESTIMATES
FLORENCE COPPER PROJECT
FLORENCE, ARIZONA

Page 1 of 1 

TABLE F‐1 NOTES:
General Notes:  In preparing this estimate, Haley & Aldrich has relied on information and direction provided by Florence 
Copper and other parties and, unless otherwise expressly indicated, Haley & Aldrich has made no independent 
investigation as to the validity, completeness, or accuracy of such information.  As with any estimate of this nature, Haley 
& Aldrich recommends that critical assumptions as well as the basis of estimate, be verified before proceeding with 
detailed project design or implementation.

1. The values of this column exceeding one thousand have been rounded to the nearest thousand.

4. Number of units accounts for estimated 50% material loss to tunnel openings.
3. Number of units accounts for estimated 20% material loss.
2. Well abandonment unit costs based on recent similar projects performed by Haley & Aldrich.

Revised: NOVEMBER 2019
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EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION

Page 1 of 11

ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1287 847978.94 744151.46 96 16
1831 847554.55 744293.03 96 16
1832 847625.27 744293.07 96 16
1833 847625.27 744363.75 96 16
1842 847413.12 744151.60 96 16
1844 847554.54 744222.32 96 16
1845 847483.83 744222.31 96 16
1846 847835.62 744010.20 96 16
1846 847552.81 744010.19 96 16
1846 847554.53 744151.61 96 16
1846 848118.64 744010.05 113 16
1847 847764.93 744080.91 96 16
1847 847482.12 744080.90 96 16
1847 847483.83 744151.61 96 16
1847 848047.95 744080.76 113 16
1853 847625.25 744222.33 96 16
1854 847906.35 744080.93 96 16
1854 847623.54 744080.92 96 16
1854 847625.25 744151.63 96 16
1855 847837.37 744293.05 96 16
1858 847766.67 744293.05 96 16
1859 847695.97 744363.75 96 16
1862 847766.67 744363.75 96 16
1863 847695.96 744293.04 96 16
1865 847695.97 744434.45 96 16
1872 847766.65 744151.63 96 16
1873 847837.35 744151.63 96 16
1876 847766.65 744222.33 96 16
1877 847695.94 744151.62 96 16
1878 847695.95 744222.33 96 16
1880 847908.06 744222.34 96 16
1881 847837.36 744222.34 96 16
1882 847908.06 744151.64 96 16
1885 848116.79 744223.50 88 15
1160 849250.00 744363.61 98 15
1169 849179.29 744434.30 98 15
1257 848260.11 744363.62 88 15
1258 848330.82 744434.33 88 15
1259 848401.53 744505.04 88 15
1265 848330.82 744505.03 88 15
1266 848260.11 744434.32 88 15
1267 848189.40 744363.61 88 15
1268 848189.40 744292.93 88 15
1269 848118.69 744292.92 88 15



EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION

Page 2 of 11

ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1289 848047.97 744222.18 88 15
1290 848049.66 744151.48 96 15
1295 848542.92 744292.93 97 15
1300 848542.93 744363.64 97 15
1301 848472.22 744292.93 97 15
1302 848330.81 744292.92 97 15
1303 848401.52 744363.63 97 15
1304 848472.23 744434.34 97 15
1310 848472.22 744363.63 97 15
1311 848401.51 744292.92 97 15
1315 848401.52 744434.33 97 15
1316 848330.81 744363.62 97 15
1317 848260.10 744292.91 97 15
1321 848613.63 744292.94 97 15
1342 848542.90 744151.51 97 15
1343 848472.20 744222.21 97 15
1344 848401.49 744151.50 97 15
1345 848401.50 744222.21 97 15
1346 848332.49 744222.20 97 15
1347 848261.77 744151.49 97 15
1354 848261.79 744222.20 97 15
1355 848191.07 744222.19 97 15
1356 848191.07 744151.49 97 15
1357 848120.36 744151.48 97 15
1358 848686.02 744222.23 97 15
1359 848615.31 744222.22 97 15
1360 848544.61 744222.22 97 15
1361 848686.01 744151.52 97 15
1372 848967.15 744292.87 98 15
1373 849037.86 744363.58 98 15
1374 849108.57 744434.29 98 15
1407 849179.27 744292.89 98 15
1407 849108.56 744292.88 98 15
1408 849037.86 744292.88 98 15
1409 849108.57 744363.59 98 15
1418 848967.13 744151.45 98 15
1419 848896.43 744222.15 98 15
1420 848825.72 744151.44 98 15
1422 849249.96 744222.18 98 15
1422 849108.55 744222.17 98 15
1423 849037.84 744222.16 98 15
1424 848967.14 744222.16 98 15
1425 849179.25 744151.47 98 15
1425 849108.54 744151.46 98 15



EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION

Page 3 of 11

ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1432 848332.47 744151.49 97 15
1433 848615.30 744151.51 97 15
1434 848473.89 744151.50 97 15
1435 848756.71 744151.43 97 15
1436 849037.83 744151.45 98 15
1437 848896.42 744151.44 98 15
1789 847977.10 744434.47 88 15
1790 847977.11 744505.18 88 15
1791 847906.40 744434.47 88 15
1792 847835.70 744505.17 88 15
1793 847906.41 744575.88 88 15
1794 847977.11 744575.88 88 15
1795 847906.40 744505.17 88 15
1796 847906.41 744646.58 88 15
1797 847835.70 744575.87 88 15
1798 847977.12 744717.29 88 15
1799 847977.12 744646.59 88 15
1800 847977.10 744363.77 88 15
1801 848189.23 744434.50 88 15
1802 848259.94 744505.21 88 15
1803 848330.65 744575.93 88 15
1806 848259.94 744575.91 88 15
1807 848189.23 744505.20 88 15
1808 848118.52 744434.49 88 15
1809 848118.53 744505.20 88 15
1810 848189.24 744575.91 88 15
1811 848259.95 744646.63 88 15
1814 848189.24 744646.61 88 15
1815 848118.53 744575.90 88 15
1816 848047.82 744505.19 88 15
1817 848047.81 744293.10 88 15
1818 848118.52 744363.79 88 15
1819 848047.81 744363.78 88 15
1820 848047.82 744434.49 88 15
1821 848048.71 744575.02 88 15
1822 848118.54 744646.61 88 15
1823 848047.83 744646.60 88 15
1826 848118.55 744788.03 88 15
1827 848047.84 744788.01 88 15
1828 848189.25 744717.33 88 15
1829 848118.54 744717.31 88 15
1830 848047.84 744717.31 88 15
1846 848401.45 744010.06 97 15
1846 848684.27 744009.98 106 15



EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION

Page 4 of 11

ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1846 848967.09 744010.00 98 15
1847 848613.58 744080.69 97 15
1847 848330.76 744080.77 97 15
1847 848896.40 744080.71 98 15
1854 848472.18 744080.79 97 15
1854 848189.37 744080.78 97 15
1854 848755.00 744080.71 106 15
1854 849037.82 744080.74 98 15
1856 847906.39 744363.76 88 15
1857 847837.38 744363.76 96 15
1860 847766.68 744434.46 96 15
1861 847835.69 744434.46 88 15
1864 847764.99 744505.16 88 15
1866 847977.09 744293.06 88 15
1867 847908.08 744293.06 96 15
1879 847978.77 744222.35 96 15
1127 849674.24 744505.05 90 14
1128 849744.94 744505.05 90 14
1134 849532.83 744505.04 90 14
1135 849603.54 744575.75 90 14
1136 849674.25 744646.46 90 14
1138 849674.24 744575.75 90 14
1139 849603.53 744505.04 90 14
1144 849391.42 744505.03 90 14
1145 849462.13 744575.74 90 14
1146 849532.84 744646.45 90 14
1147 849603.55 744717.16 90 14
1149 849603.54 744646.45 90 14
1150 849532.83 744575.74 90 14
1151 849462.12 744505.03 90 14
1155 849532.84 744717.15 90 14
1156 849462.13 744646.44 90 14
1157 849391.42 744575.73 90 14
1158 849603.52 744434.33 90 14
1158 849320.70 744434.31 90 14
1158 849886.34 744434.35 99 14
1158 849320.71 744505.02 90 14
1160 849532.82 744363.63 90 14
1160 849815.64 744363.65 99 14
1160 849250.01 744505.02 90 14
1161 849320.72 744575.73 90 14
1162 849391.43 744646.44 90 14
1163 849462.14 744717.15 90 14
1164 849532.85 744787.86 90 14



EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION
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ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1165 849462.14 744787.85 90 14
1166 849391.43 744717.14 90 14
1167 849320.72 744646.43 90 14
1168 849250.01 744575.72 90 14
1169 849744.93 744434.34 90 14
1169 849462.11 744434.32 90 14
1169 849179.30 744505.01 90 14
1225 849744.95 744575.76 90 14
1254 848684.39 744858.60 80 14
1255 848755.11 744858.64 80 14
1260 848472.24 744575.75 80 14
1261 848542.95 744646.46 80 14
1262 848542.95 744717.16 80 14
1263 848472.24 744646.45 80 14
1264 848401.53 744575.74 80 14
1270 848684.37 744787.89 80 14
1271 848613.66 744787.87 80 14
1272 848613.66 744717.17 80 14
1296 848613.63 744363.64 89 14
1297 848684.34 744434.35 89 14
1298 848684.35 744505.06 89 14
1299 848613.64 744434.35 89 14
1305 848542.94 744505.05 89 14
1306 848613.65 744575.76 89 14
1307 848684.35 744575.76 89 14
1308 848613.64 744505.05 89 14
1309 848542.93 744434.34 89 14
1312 848613.65 744646.46 89 14
1313 848542.94 744575.75 89 14
1314 848472.23 744505.04 89 14
1318 848684.36 744717.17 89 14
1319 848684.36 744646.47 89 14
1320 848684.33 744292.94 89 14
1322 848684.34 744363.65 89 14
1323 848755.06 744505.07 89 14
1324 848755.05 744292.99 89 14
1325 848755.05 744363.66 89 14
1326 848755.06 744434.37 89 14
1327 848755.96 744574.90 89 14
1328 848755.07 744646.49 89 14
1329 848755.09 744787.90 89 14
1330 848755.09 744717.20 89 14
1362 848755.03 744222.24 89 14
1375 849108.59 744505.00 89 14



EXHIBIT F‐3
LISTS OF WELLS TO BE PLUGGED AND ABANDONED AFTER CESSATION OF ISCR OPERATION

Page 6 of 11

ISCR  Well ID Easting Northing Resource Block ID
Planned Mine Life Year 

of Construction
1376 849037.87 744434.29 89 14
1377 848967.16 744363.58 89 14
1378 848896.45 744292.87 89 14
1379 848825.75 744363.57 89 14
1380 848896.46 744434.28 89 14
1381 848967.17 744504.99 89 14
1382 849037.89 744575.70 89 14
1383 849037.87 744504.99 89 14
1384 848967.16 744434.28 89 14
1385 848896.45 744363.57 89 14
1386 848825.74 744292.86 89 14
1387 848825.76 744504.98 89 14
1388 848896.47 744575.69 89 14
1390 848967.17 744575.69 89 14
1391 848896.46 744504.98 89 14
1392 848825.75 744434.27 89 14
1393 848825.77 744646.39 89 14
1394 848896.49 744717.10 89 14
1396 848896.47 744646.39 89 14
1397 848825.76 744575.68 89 14
1399 848825.77 744717.09 89 14
1400 848825.79 744787.80 89 14
1421 848825.73 744222.15 89 14
1462 848967.19 744646.40 89 14
1684 848542.98 744858.59 80 14
1685 848613.69 744929.30 80 14
1688 848613.70 745000.01 80 14
1689 848542.99 744929.30 80 14
1690 848472.28 744858.59 80 14
1691 848330.86 744858.58 80 14
1692 848401.58 744929.29 80 14
1693 848472.29 745000.00 80 14
1694 848543.00 745070.71 80 14
1698 848542.99 745000.00 80 14
1699 848472.28 744929.29 80 14
1700 848401.56 744858.58 80 14
1701 848260.16 744929.28 80 14
1702 848330.88 744999.99 80 14
1703 848401.59 745070.70 80 14
1704 848472.30 745141.41 80 14
1708 848472.29 745070.70 80 14
1709 848401.58 744999.99 80 14
1710 848330.86 744929.28 80 14
1711 848260.15 744858.57 80 14
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1714 848401.59 745141.40 80 14
1715 848330.88 745070.69 80 14
1716 848260.16 744999.98 80 14
1717 848189.45 744929.27 80 14
1723 848613.69 744858.60 80 14
1724 848684.40 744929.31 80 14
1731 848472.25 744717.17 80 14
1732 848472.25 744787.87 80 14
1733 848401.54 744717.15 80 14
1734 848401.55 744787.87 80 14
1735 848330.84 744787.85 80 14
1736 848542.96 744787.88 80 14
1787 848189.27 744858.77 80 14
1788 848118.56 744858.76 80 14
1804 848401.36 744646.64 80 14
1805 848330.65 744646.63 80 14
1812 848330.66 744717.34 80 14
1813 848259.95 744717.33 80 14
1824 848259.96 744788.04 80 14
1825 848189.25 744788.03 80 14
1099 849462.16 744858.57 81 13
1114 849391.45 744858.56 81 13
1123 849108.59 744575.70 81 13
1170 849180.19 744574.84 81 13
1171 849250.02 744646.43 81 13
1172 849179.31 744646.42 81 13
1173 849391.44 744787.85 81 13
1174 849320.73 744787.84 81 13
1175 849320.73 744717.14 81 13
1176 849250.02 744717.13 81 13
1256 848755.11 744929.32 72 13
1273 848825.81 744929.22 72 13
1274 848896.52 744999.93 72 13
1275 848896.52 745070.63 72 13
1276 848825.81 744999.92 72 13
1363 848967.21 744858.52 81 13
1364 849037.92 744929.23 81 13
1365 848967.22 744929.23 81 13
1366 848896.51 744858.52 81 13
1367 848967.22 744999.93 81 13
1368 848896.51 744929.22 81 13
1369 848825.80 744858.51 81 13
1370 849108.62 744858.53 81 13
1371 849037.92 744858.53 81 13
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1389 849037.89 744646.40 81 13
1395 848967.19 744717.10 81 13
1398 848896.49 744787.80 81 13
1401 849108.61 744787.82 81 13
1402 849037.90 744787.81 81 13
1403 848967.20 744787.81 81 13
1404 849108.60 744717.11 81 13
1405 849037.90 744717.11 81 13
1406 849108.60 744646.41 81 13
1416 849179.32 744787.83 81 13
1417 849179.32 744717.13 81 13
1486 848967.23 745070.64 72 13
1487 849037.94 745141.35 72 13
1488 849037.94 745212.05 72 13
1489 848967.23 745141.34 72 13
1491 849108.65 745212.06 72 13
1508 849108.63 744999.94 81 13
1509 849108.64 745070.65 81 13
1510 849037.93 744999.94 81 13
1511 849108.64 745141.35 81 13
1512 849037.93 745070.64 81 13
1513 849108.63 744929.24 81 13
1514 849391.46 744929.27 81 13
1519 849320.76 744999.97 81 13
1529 849320.75 744929.26 81 13
1535 849250.05 744999.96 81 13
1536 849250.06 745070.67 81 13
1545 849179.35 745070.66 81 13
1546 849320.75 744858.59 81 13
1547 849179.34 744858.57 81 13
1548 849250.04 744858.57 81 13
1549 849250.05 744929.26 81 13
1550 849179.34 744929.25 81 13
1551 849179.35 744999.96 81 13
1552 849180.24 745140.49 81 13
1559 849250.03 744787.84 81 13
1681 848684.44 745424.25 72 13
1682 848755.16 745424.29 72 13
1683 848755.16 745494.97 72 13
1686 848684.40 745000.01 72 13
1687 848684.41 745070.72 72 13
1695 848613.71 745141.42 72 13
1696 848684.41 745141.42 72 13
1697 848613.70 745070.71 72 13
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1705 848543.01 745212.12 72 13
1706 848613.71 745212.12 72 13
1707 848543.00 745141.41 72 13
1712 848543.01 745282.82 72 13
1713 848472.30 745212.11 72 13
1718 848684.43 745353.54 72 13
1719 848613.72 745353.53 72 13
1720 848684.42 745282.83 72 13
1721 848613.72 745282.83 72 13
1722 848684.42 745212.13 72 13
1725 848755.12 745070.73 72 13
1726 848755.12 745000.03 72 13
1727 848756.01 745140.56 72 13
1728 848755.13 745212.14 72 13
1729 848755.14 745353.55 72 13
1730 848755.14 745282.85 72 13
1740 848896.56 745424.18 72 13
1741 848825.86 745494.88 72 13
1745 848825.85 745424.17 72 13
1750 848825.82 745070.63 72 13
1751 848896.53 745141.34 72 13
1752 848967.24 745212.05 72 13
1753 848825.83 745212.04 72 13
1754 848896.54 745282.75 72 13
1755 848967.24 745282.75 72 13
1756 848896.53 745212.04 72 13
1757 848825.82 745141.33 72 13
1758 848896.54 745353.45 72 13
1759 848825.83 745282.74 72 13
1760 848825.84 745353.45 72 13
1763 848967.25 745353.47 72 13
1764 849037.95 745282.77 72 13
976 850169.27 745494.98 74 12
978 850310.67 745353.58 74 12
978 850310.67 745424.28 74 12
978 850239.97 745424.28 74 12
979 850239.98 745494.99 74 12
1092 849674.27 744858.59 82 12
1093 849744.98 744929.30 82 12
1094 849815.69 745000.01 82 12
1095 849815.70 745070.72 82 12
1096 849744.99 745000.01 82 12
1097 849674.28 744929.30 82 12
1098 849603.57 744858.59 82 12
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1104 849815.70 745141.42 82 12
1105 849744.99 745070.71 82 12
1106 849674.28 745000.00 82 12
1107 849603.57 744929.29 82 12
1108 849532.86 744858.57 82 12
1115 849886.38 744858.60 82 12
1115 849815.68 744858.60 82 12
1116 849744.98 744858.60 82 12
1117 849815.69 744929.31 82 12
1118 849886.41 745070.73 82 12
1119 850027.82 744929.34 82 12
1119 849957.11 744929.33 82 12
1119 849886.40 744929.32 82 12
1120 849886.41 745000.03 82 12
1121 849887.31 745140.55 82 12
1122 849886.42 745212.14 74 12
1137 849744.95 744646.46 82 12
1148 849674.25 744717.16 82 12
1154 849603.55 744787.86 82 12
1177 849957.08 744787.90 82 12
1177 849815.67 744787.89 82 12
1178 849744.96 744787.87 82 12
1179 849674.26 744787.87 82 12
1180 849886.36 744717.17 82 12
1180 849815.66 744717.17 82 12
1181 849744.96 744717.17 82 12
1185 850098.56 745424.27 74 12
1186 850169.27 745424.28 74 12
1192 849957.11 745070.73 82 12
1193 850169.25 745141.46 74 12
1193 850098.53 745141.45 74 12
1193 850027.82 745141.44 74 12
1198 850027.79 745000.01 82 12
1198 849957.10 745000.02 82 12
1199 849957.12 745212.14 74 12
1200 850027.83 745282.85 74 12
1201 850098.53 745282.85 74 12
1202 850169.22 745212.14 74 12
1202 850027.82 745212.14 74 12
1203 849957.11 745141.43 74 12
1204 850027.83 745353.55 74 12
1205 849957.12 745282.84 74 12
1206 850239.96 745353.57 74 12
1207 850169.25 745353.56 74 12
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1208 850098.55 745353.56 74 12
1210 850239.96 745282.87 74 12
1210 850169.25 745282.86 74 12
1226 849815.65 744575.76 82 12
1230 849815.66 744646.47 82 12
1884 850525.41 746486.71 49 11
1883 850591.17 746626.45 41 11
221 849886.56 746626.28 40 11
245 850098.66 746555.58 40 11
246 850169.37 746626.29 40 11
247 850240.08 746697.00 40 11
248 850098.67 746626.29 40 11
249 850027.96 746555.58 40 11
250 849957.26 746626.28 40 11
251 850098.67 746696.99 40 11
252 850027.96 746626.28 40 11
253 849957.25 746555.57 40 11
254 850522.88 746838.31 32 11
254 850240.08 746838.38 40 11
254 849957.26 746696.98 40 11
255 850240.07 746555.59 40 11
256 850169.37 746555.59 40 11
257 850240.08 746626.30 40 11
258 850593.61 746555.60 49 11
258 850522.91 746555.62 49 11
259 850452.21 746626.32 40 11
260 850381.51 746697.02 40 11
261 850452.21 746555.64 40 11
262 850310.79 746555.63 40 11
263 850381.49 746555.63 40 11
264 850381.51 746626.32 40 11
265 850310.79 746626.31 40 11



 

 

EXHIBIT F-4 
 

Draft Financial Assurance Instrument 
 



PERFORMANCE BOND 
 

Date bond executed:  [DATE, 2020] 
 

Effective date:  [DATE, 2020] 
 
Principal: Florence Copper, Inc. 

1575 W. Hunt Highway 

Florence, AZ 85132 

Type of organization: Corporation 

State of incorporation: Nevada 

Surety: Lexon Insurance Company 
 

10002 Shelbyville Road, Suite 100 
 

Louisville, KY 40223 
 

Class Ill In-Situ Production of Copper 

EPA Permit No. R9UIC-AZ3-FY19-1 

Florence Copper Project 

1575 West Hunt Highway 

Florence, AZ 85132 

 

Total penal sum of bond: $28,144,750. 
 
 

Surety's bond number: [DRAFT BOND#] 
 

Know All Persons By These Presents, That We, the Principal and Surety hereto are firmly bound 
to the U.S. Environmental Protection Agency (hereinafter called EPA), in the above penal sum 
for the payment of which we bind ourselves, our heirs, executors, administrators, successors, 
and assigns jointly and severally; provided that, where the Sureties are corporations acting as 
co-sureties, we, the Sureties, bind ourselves in such sum "jointly and severally" only for the 
purpose of allowing a joint action or actions against any or all of us, and for all other purposes 
each Surety binds itself, jointly and severally with the Principal, for the payment of such sum 



only as is set forth opposite the name of such Surety, but if no limit of liability is indicated, the 
limit of liability shall be the full amount of the penal sum. 

Whereas said Principal is required, under the Underground Injection Control Regulations, as 
amended, to have a permit or comply with provisions to operate under rule for each injection 
well identified above, and 

Whereas said Principal is required to provide financial assurance for plugging and abandonment 
as a condition of the permit or approval to operate under rule, and 

Whereas said Principal shall establish a standby trust fund as is required when a surety bond is used 
to provide such financial assurance. 

Now, Therefore, the conditions of this obligation are such that if the Principal shall faithfully 
perform plugging and abandonment, whenever required to do so, of each injection well for which 
this bond guarantees plugging and abandonment, in accordance with the plugging and 
abandonment plan and other requirements of the permit or provisions for operating under rule 
and other requirements of the permit or provisions for  operating under rule as may be amended, 
pursuant to all applicable laws, statutes, rules and regulations, as such laws, statutes, rules, and 
regulations may be amended, 

Or, if the Principal shall provide alternate financial assurance as specified in subpart F of 40 CFR 
part 144, and obtain the EPA Regional Administrator's written approval of such assurance, within 
90 days after the date of notice of cancellation is received by both the Principal and the EPA 
Regional Administrator(s) from the Surety, then this obligation shall be null and void, otherwise it 
is to remain in full force and effect. 

The Surety shall become liable on this bond obligation only when the Principal has failed to 
fulfill the conditions described above. 

Upon notification by an EPA Regional Administrator that the Principal has been found in violation 
of the plugging and abandonment requirements of 40 CFR part 144, for an injection well which 
this bond guarantees performances of plugging and abandonment, the Surety shall either 
perform plugging and abandonment in accordance with the plugging and abandonment plan and 
other permit requirements or provisions for operating under rule and other requirements or place 
the amount for plugging and abandonment into a standby trust fund as directed by the EPA 
Regional Administrator. 

Upon notification by an EPA Regional Administrator that the Principal has failed to provide 
alternate financial assurance as specified in subpart F of 40 CFR part 144, and obtain written 
approval of such assurance from the EPA Regional Administrator(s) during the 90 days following 
receipt by both the Principal and the EPA Regional Administrator(s) of a notice of cancellation 
of the bond, the Surety shall place funds in the amount guaranteed for the injection well(s) into 
the standby trust fund as directed by the EPA Regional Administrator. 

The Surety hereby waive(s) notification of amendments to plugging and abandonment plans, 
permits, applicable laws, statutes, rules, and regulations and agrees that no such amendment 
shall in any way alleviate its (their) obligation on this bond. 



The liability of the Surety shall not be discharged by any payment or succession of payments 
hereunder, unless and until such payment or payments shall amount in the aggregate to the penal 
sum of the bond, but in no event shall the obligation of the Surety hereunder exceed the amount of 
said penal sum. 
 
The Surety may cancel the bond by sending notice by certified mail to the owner or operator and to 
the EPA Regional Administrator(s) for the Region(s) in which the injection well(s) is (are) located, 
provided, however, that cancellation shall not occur during the 120 days beginning on the date of 
receipt of the notice of cancellation by both the Principal and the EPA Regional Administrator(s), as 
evidenced by the return receipts. 
 
The principal may terminate this bond by sending written notice to the Surety, provided, however, that 
no such notice shall become effective until the Surety receive(s) written authorization for termination 
of the bond by the EPA Regional Administrator(s) of the  EPA Region(s) in which the bonded injection 
well(s) is {are) located. 
 
In Witness Whereof, The Principal and Surety have executed this Performance Bond and have affixed 
their seals on the date set forth above. 
 
The persons whose signatures appear below hereby certify that they are authorized to execute this 
surety bond on behalf of the Principal and Surety. 

 

PRINCIPAL 

BY: ________________________ 

Name: Bryce Hamming 

Title:  Chief Financial Office 

Corporate Seal: 

 

CORPORATE SURETY 

Lexon Insurance Company 

10002 Shelbyville Road, Suite 100 

Louisville, KY 40223 

State of incorporation:  Texas  

Liability Limit: $ 

By: ______________________________ 

Name and Title:  Theresa Pickerell, Attorney-In-Fact 

Corporate Seal:  
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